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ABSTRACT 

This final report describes the development of eight 
computer based science simulations designed for use with middle 
school mainstreamed students having learning disabilities or mild 
mental retardation. The total program includes software, a teacher's 
manual, 3 videos, and a set of 30 activity worksheets. Special 
features of the software for learners with cognitive impairments 
include an emphasis on graphics rather than text to present key 
ideas; the use of a mouse instead of a keyboard for giving commands 
and manipulating the experiments; the absence of a formal 
reward/punishment system; the presence cf simple ni;raeric feedback for 
confirming measurements? the use of full size scales on the displav 
instruments; voice synthesis of numerical output on demand? a context 
sensitive help function? and flexible problem solving environments 
for each simulation. The report lists the project's objectives, 
results (including field test evaluation and dissemination), and 
project methodology. The major portion of the document consists of 
appendices including the teacher's manual and the activity worksheets 
covering the eight simulations of the following: the physical science 
laboratory, finding elapsed time, finding length and width, finding 
area, finding distance using a map, finding seasonal temperatures, 
and experiments concerned with refrigerators and the pendulum. 
Teacher and student evaluation forms are also appended. (Nine 
references) (DB) 
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Abstract 



Macro Systems, Inc., under a grant from the U.S. Depaitnxnt of Education, Office of 
Special Education Programs, has developed a scries of eight science simulations designed 
to complement any middle-school physical science cumculum. The simulations are 
si«cifically mtended to help learning disabled students who have been mainstreamed into a 
typical science education environment. The simulations have been carefully constmcted to 
appeal to students with a wide variety of reasoning skills, while maintaining features that 
will be especially helpful to the learning impaired child. The software is accompanied by 
a Teacher's Manual; three videos that can be used to introduce the materials to both 
smdents and teachers; and a set of 30 Activity Worksheets to be used with the software. 

Special features of the software for cognitively impaired learners include an emphasis on 
graphics rather than text to present key ideas; the use of a mouse instead of a keyboard for 
giving commands and manipulating the experiments; the absence of a formal reward/ 
punishment system; the presence of easy-io-read numeric fe«iback for confirming 
nwasurenKnts; the use of ftill-size scales on the display instruments; voice synthesis of 
nuDMrical output on demand; a context-sensitive help function that responds when one 
points at an object or location on the screen in question; flexible problem-solving 
environments for each simulation that can be approached at different cognitive levels. 
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Chapter I introduction 



When the Technology, Educational Media and Materials for the Handic^ped Grant 
Program was first announced in April of 1987, a cover letter written by Dr, James 
Johnson, C3uef, Research and DcvcIopnKnt Projects Branch appeared in the application 
package: 

This office is committed to improving the education, independent functioning, 
and employment of handicapped individuals by assuring that the advances of 
technology, educational media, and materials are available, of good quality, and 
used appropriately. Even with the growing number of new technologies 
available in the schools today, tiierc exists a need to suppon planning, research, 
and development activities to provide for more efficient and effective use of 
these state-of-ihc-ait technological advances. Past rescaxh has shown that when 
technology is made available and used knowledgeably it has enormous potential 
for improving the education, independence and employability of individuals with 
handicaps. Accordingly, projects will be invited that provide for research, 
development, and/or dissemination activities related to the use of technology in 
the delivery of services to individuals with handicaps. 



The impetus behind this solicitation was clear. Few publishers or commercial software 
developers have been willing to risk die capital investment necessary to produce technology 
products geared to the needs of students with special learning needs. The special education 
market is viewed as a "thin" market and stereotypic ideas of what constitutes a special 
education student preclude mainstream publishers from thinking otherwise. 

Macro submitted an application under the priority area "Improving Technology Software." 
In our proposal to the Office of Special Education Programs, we responded to the language 
of the announcement that " Computer simulations of science experiments, and situations 
involving math and language arts arc encouraged." 

Key features of the proposal included: 

• Development of a scries of simulation models illustrating scientific principles with 
specific features to accommodate the needs of mildly mentally retarded or learning 
disabled students to progress in abiliiy-iniegrated middle school physical science 
courses. 

• Software focused on developing skills required in solving many types of problems - 
classifying, contrasting, hypothesizing, estimating, etc. 

• A software design consisting of a series of independent simulations that would share 
a common user interface. "Point and click" methods to be used to control each of 
the simulations. 
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Primary emphasis on the creation of user controls that are as simple and consistent as 
possible. Simple methods of starting, stopping, restarting, and changing sinuiations 
to be employed. 

Development of the software to be guided by a design team with the appropnue 
expertise. In addition to the software, a Teacher's Guide and a teacher's uiiUty 
program to be developed 

Field testing at two sites in the Chittenden South School District in Chittetjden 
County, Vermont 

Dissemination either as a commercial product or as free public domain shareware. 
Commercial publishers to be contacted for the purpose of having them evaluate and 
publish the software. 



I. Objectives 1: To Design the Models Program 

Activities to include finalizing members of the design team; reviewing existing simulation 
software; and convening a mccing of the design team. 



M- Objective 2: Prepare Detailed Specifications 

Create storyboards for the programs; review sioryboards with the design team; revise 
stoiyboards as needed; prepare detailed system specifications; prepare detailed module 
specifications; and conduct software quality assurance. 



Objective 3: Write and Debug the Programs 

Assemble and/or acquire the necessary hardware and software; do the programming; 
prepare a teacher's guide; and conduct subsystem tests. 



IV. Objective 4: Conduct Field Test at Two Sites 

Finalize field test plan; orient teachers in their schools; and collect formative evaluation 
data. 
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V. Objective 5: To Plan for Matronal Dissemination and Distribution 

Demonstrate the product to potential publishers; investigate public domain distribution; and 
prepare marketing plan component. 
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i. Instructionai Material Produced 



A. The Simulation Software 



1) Characteristics 



a) General Description 

The scries of science simulations we developed, tiUcd The Physical 
Science Laboratory," has been created to allow students to perf(Hni 
physical science experin^nts in a completely simulated experimental 
environment The software is intended to complement any middle school 
physical science curriculum. The simulations allow a student to perform 
physical science experiments using an Apple U/GS ix IBM compatible 
computer system'; no external experimental equipnMni is required. Using 
a "mouse," the smdent manipulates objects on the computer screen to 
affect the outcome of each experiment The simulations are open-ended 
and experiments may be carried out in a structured or unstructured fashion 
to suit a particular teaching methodolog>'. 

Some of the objects and situations presented on the computer screen arc 
similar to those that the student will encounter in the school laboratory; 
others place the student in familiar environments outside the school; still 
others exploit the computer's potential to create interesting experimental 
environments that would not normally be available to the student. 

Problem sets have been developed (see the Activity Worksheets) for each 
simulation. The skills required to solve the problems start at the level of 
simple observation and advance through levels such as classifying, 
measuring, generalizing and predicting. A number of simulations are 
designed to help students gain competence in doing basic measurements. 
A consistent interface is used ihroughout all of the simulations. 



b) Target Audience 

The science simulations are suitable for students with a wide variety of 
cognitive reasoning skills. Care has been taken to design the software to 
meet the needs of middle school-aged learning disabled and mildiy 
mentally retazded students, panicularly those who have been mainstreamcd. 



The IBM compatible configuration musi include VGA or EGA graphics capability, and a COVOX 
Speech Thing" att^ed to the parallel printer pen. 
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c) Speciai Features for Learning impaired Students 

Special features for learning impaired students inciude an emphases on 
graphics rather than text to present key ideas; the use of a roouss: instead 
of a keyboard for giving commands and for manipulating the exi^ments; 
the presentation of feedback in a non-judgmental manner. i.e., the absence 
of a formal reward/punishment system; voice synthesis of experimental 
data when requested by the user, a context sensitive help function that 
responds when the user points (with the mouse) to the object or location 
in qi.'^stion; the use of practical, familiar simations to introduce basic 
concepts; and a series of problem-solving enviroi.menis thai can be 
approached at different cognitive levels. 



d) Technical Objectives Achieved 

1. The software provides a simple and common interface to naanage the 
simulations. The interface is mouse-driven to avoid having to type 
in commands at the keyboard. The use of a mouse facilitates cursor 
nooveraent for selecting various options at different positions on the 
screen, and for positioning experimental objects. 

2. The software maintains technical accuracy in depicting physical 
c V jnis. Observations and data obtained during these experiments arc 
similar to those that would be obtained if the experiment were done 
under the same conditions in a real-worid environment. Care has 
been taken to introduce numbers that reflect physical laws as they 
arc currentiy understood. 

3. For those experiments that exhibit dynamic behavior, the software 
gives tiie user controi over the rate at which events occur during the 
experiments. The simulated laboratory environment includes a clock 
that can be used to speed up or slow down rime. Speeding up or 
slowing down the laboratory clock relative to a real world clock will 
cause the events occurring in the laboratory to speed up or slow 
down accordingly. Time can be stopped altogether to allow critical 
measurements to be obtained, or to position experimental objects in 
space. 
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2) Modules 



a) Expcrlmnt 0: The Physical Science Laboratory 



Objectives 

This simulation is designed to point out the important features of the 
Physical Science Laboratory that arc common to all the experiments. The 
names of the various locations in the simulated laboratory are introduced. 
Descriptions of the program's features are available using the HELP 
facility. 



General Description 

The Physical Science Laboratory enables the student or teacher to perform 
physical science experiments in a simulated experinKntal environment. 
The experiments take place on the computer screen. All the equipment 
and measurement instruments aie pan of the simulation; no external 
devices are necessary. 

Experiments take place on the "lab bench," a rectangular area occupying 
the majority of the screen. The picture displayed in this area varies for 
different experiments. For instance, it can appear as a table top (thus the 
"lab bench" designation) in one expcrin«ni or as an outdoor scene in 
another. 

At the top of the screen are four "instrument windows" that contain icons 
representing various pieces of equipment and measuring tools. (Icons are 
small pictures that can "dragged" about the screen using the mouse.) One 
of the windows is rescrv«i for the elapsed-time clock, which appears in 
every experiment Each instrument window also contains a "value bar" 
and a "units bar" where numeric and textual information pertaining to the 
instrument are displayed. 

Using only the mouse as an input device, experimental objects are 
manipulated, time is controlled, and measurements arc taken. The 
numerical values of the measurements appear in the value bars of the 
various instrument windows as the measurement process is taking place. 
The data generated from these simulations can be recorded and andyzed 
in the same fashion as data from any real- world experiment. 
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b) Experiment 1: Finding Elapsed Time 



Objectives 

This simulation is designed to help students leam how to use the elapsed- 
timc clock in the Physical Science laboratory. Students will learn how to 
start. Slop and reset the clapsed-time clock. They will leam how to read 
the time from the value bar and interpret the units in which time is given 
in the units bar. They will also leam how to speed up and slow down 
time using the clock speed-control. Students will acquaint themselves 
with their own internal sense of time and how it is affected by 
environmental conditions. This experiment can also be used to help 
smdcnts leam to read the elapscd-iimc associated with the positions of the 
hands on a convendonal analog clock. 



General Description 

This environment features a large analog clock resting on the lab bench. 
The large clock corresponds to the clock icon pictured in the clock 
instrument window. The large clock can be started, stopped and reset by 
clicking (with die mouse) on one of die appropriate "buttons" surrounding 
it Hands on the large clock-corresponding to the units selected via the 
units bar-move when the clock is mnning. Units of time in houn and 
minutes, minutes and seconds, or seconds and tenths of seconds are 
available. 

In addition to the traditional analog clock, the student may select firom 
among djiee different sand-in-glass timers for keeping track of lime; 
minute, second, and hour-glass timers are available. The flow of sand 
through the timers speeds up or slows down as the position of the clock 
speed-control is changed 



c) Experiment 2: Finding Lengtii and Width 



Objectives 

This simulation is designed to help students leam how to read the 
different scales associated with a ruler, as well as to leam how to use the 
ruler instrument in the Physical Science Laboratory. The student will 
leam to read several (Afferent scales tiiat show length in units of inches 
by tenilis, inches by eighths, millimeters, and centimeters. 
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General Description 

The ruler instrument is used to make length measureix»nts of the objects 
located on the lab bench. As the student makes the measurements using 
the ruler icon, the distance being m^uied is displayed in the value bar 
of the ruler instrument window. At the san» time a pointer indicates the 
distance on a full-sized luler shown on the screen. The smdent may 
choose to show or hide the number displayed in the value bar. If the 
value is not hidden, then when the measurement is completed it will be 
spoken by the computer. 

Learning to read the different scales of a ruler is a matter of making a 
length measurement, looking at the ruler scale, and inteipreting the results. 
The program provides constant feedback to the student by showing the 
scale value while simultaneously displaying the corresponding numerical 
value. Additional reinforcement is accomplished through the use of voice 
synthesis. 



d) Experiment 3: Finding Area 



Objectives 

This simulation is designed to help students leam how to read the scales 
associated with a mler, while at the same time allowing the student to 
explore the concept of area measurement. The student will be able to 
vary and measure die dimensions of a circle, a rectangle, and a right 
triangle. The student will leam how to compute the area of each of these 
figures. 



General Description 

The ruler instrument is used to make length measurements of the 
geometric figures located on the lab bench. As the smdent makes 
raeasuren^nts with the mler icon, the distance bemg measured is 
displayed in the value bar of the ruler instrument window. At the same 
lime a pointer depicts the same distance on a full-sized ruler shown on 
the screen. The student may choose to show or hide the number 
displayed in the value bar. If the value bar is not hidden (by having 
clicked on it previously) when the measurement is completed, the 
measurement will be spoken by the computer. 

Tnree geometric figures appear on the lab bench. The size of each 
geometric figure can be changed by "dragging" the mouse pointer along 
the edge of the figure. The area of the figure being manipulated also 
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appears in the value bar of an instrument window. This number can be 
hidden (or made visible) by simply clicking on the value bar in which it 
appears. 



e) Experiment 4: Finding Distance Using a Map 



Objectives 

This simulation is designed to help students learn how to read the scales 
associated with a ruler. Using the ruler instrun^nt, students will learn 
how to measure distances on a map in inches, and convert these 
measurements into units of miles. (Metric units are also available.) This 
simulation will help the student make the transition from concrete to 
abstract n»asurenKnts of spatial dimensions. With computer assistance, if 
necessary* the student will also learn how to measure distances along 
roads using a paper map. 



General Description 

The ruler instrument is used to make distance measurements on a map 
shown on the lab bench. The student uses the mler icon to make 
measurements, and the distance being measured is displayed in the value 
bar of the ruler instrument window. At the same time, a pointer shows 
the distance being measured on a full-sized ruler at the bottom of the lab 
bench. The smdent may choose to show or hide numbers displayed in 
any of the value bars. If a value bar is not hidden, then when a 
n%asuren%nt is completed it measurement will be s|K>ken by the 
computer. 

Measurements are made on a map. By clicking on the units bar of the 
ruler, the units of measurement can he changed to inches, centimeters, 
millimeters, miles, or kilometers. The scale of the map can also be 
shown in miles or in kilometers. Once distance measurenKnis have been 
completed using the ruler icon, a car icon is available that can be "driven" 
over the route to provide a rough check on the student's calculations. Hie 
distance driven, in miles or kilometers, is displayed in the value bar 
associated with the car icc.n. Clicking on the trip odometer icon resets 
the distance traveled by the car to zero. 
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f) Experiment 5: Finding Seasonal Temperatures 



Objectives 

This simulation is designed to help students leam how to read the scales 
associated with a circular thermometer, as well as to team how to use the 
ihcrmon^tcr instrument in the Physical Science Laboratory. The student 
will also be able to examine the daily variation in air and water 
temperature in a typical New England state throughout an entire >'ear. 
The student will be able to identify days of the year when the average 
temperature is at a maximum or minimum, or months of the year when 
the temperature is changing most rapidly. 



General Description 

This environment features a thermometer instrument, an icon that can be 
moved about the screen to take temperature measurements of the outdoor 
scene depicted. The average air and water temperature can be measured 
in the outdoor scene on a daily basis throughout an entire year. Both the 
month and the day of the month can be selected by the sttident; the 
outdoor scene varies to depict the time of year. The temperature read on 
a given day is equal to the average temperature for that day (the software 
contains a data base of U.S. Weather Bureau data for the city of 
Burlington, Vera[iont). A large circular analog thermometer appears on the 
lab bench whose reading always corresponds lo the digital reading 
displayed in the thermometer instnm^nt window. The scale can be 
switched to show either Fahrenheit or Celsius degrees. 



g) Experiment 6: Finding Refrigerator Temperatures 



Objectives 

This simulation is designed to help students leam how to read the scales 
associated with a linear thermometer, as well as to leam how to use the 
thermometer instrument in the Physical Science Laboratory. The student 
will also leam about temperature conditions inside a typical refrigeraton 
how the temperature inside the refrigerator and freezer compa-tments can 
be controlled with the refrigerator thermostat aiid how the temperatures 
would be affected by a power failure. The smdent will be able to 
translate thermostat settings, normally not shown in degrees, into actual 
temperature settings. 
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General Description 

This environment allows students to measure tempexatures in the 
refrigerator and freezer compaitments of a simulated refrigerator. The 
student can also control the temperatures in the refrigerator by adjusting 
the refrigerator thermostat. The thennostat has ten different settings 
including an OFF position. 

The doors of the refrigerator can be opened and closed, and the 
thermometer icon can be placed inside the refrigerator or the freezer 
compartment When the icon is inside a compartment and the door is 
closed, the temperature displayed in the thern:x)meter instrument window is 
the average temperature of the contents of that compartment If the door 
is opened, the temperature displayed is the temperature of the air in the 
room. 

The left-hand side of the lab bench exhibits a large analog them[iometcr 
whose scale is readable to the nearest degree. The liquid in the tube of 
this thennometer rises and falls with a change in temperature. Two scales 
are available: Fahrenheit and Celsius. Since the Fahrenheit scale has 
more divisions than the Celsius scale, die student can use a "zoom 
in/zoom out" feature to magnify the image of the Fahrenheit scale to 
afford a more precise reading. 



h) Experiment 7: Pendulum 



Objectives 

This simulation is designed to help students leam about the factors that 
influence the behavior of a pendulum. 



General Description 

The simuladon allows students lo perform experiments with a pendulum. 
The suident can select any of three different pendulum bobs during an 
experiment The length of the pendulum can be varied by "pulUng" on 
the cord attached to the pendulum bob. The j^ndulum experiments can 
be perfornKd on the earth or on the moon. Measurement instruments arc 
available to measure mass and length as well as elapsed time. A maridng 
pen icon is available to mark the position of the p ^ndulum. 

The motion of the pendulum can be stopped at any time. While time is 
stopped, the pendulum may be positioned at any angular displacement 
between plus or minus 90 degrees. The pendulum will behave in a 
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petiodic manner for small angular displacements and will exhibit non- 
linear behavior for larger angular displacements. The motion of the 
pendulum is affected by air resistance while on earth, but air resistance is 
not a factor on the moon. A small amount of internal friction causes 
damping of the pendulum motion both on the eaith and the moon. 

One of the pendulum bobs (a hollow-looking one) can be used to illustrate 
pendulum motion with only the force of gravity affecting the 'motion, 
regardless of whether the experiment is taking place on the earth or on 
the moon. The chief use of the hollow bob is to illustrate those 
statements that begin, "Let us assume the absence of any friction." 



B. The Activity Worksheet Series 

Each simulation for the Physical Science Laboratory is accompanied by an Activity 
Worksheet Series. The first of these documents for each simulation is a detailed 
introduction to the simulation environn«ni presented by the computo* program. The 
remainder of the documents are a series of Activity Worksheets that pose 
experimental problems to the student. The worksheets are designed to be filled out 
while solving an experimental problem. 

The introductory document for each simulation describes the primary objectives we 
had in mind when we created tiie simulation. It also describes die special features 
associated with that simulation and provides instructions on how to manipulate each 
instrument or object in the experimental environment. A picture of some phase of 
the simulation always appears on the first page of the introductory document There 
are a total of eight introductory documents in the series. 

Each Activity Worksheet to be filled out by the student is identified by a number and 
a for example, "Worksheet 5-3: Changing Temj^ratures." The number 5-3 

indicates dial tius woricsheet is associated with ExjKsriment 5, and is die third in the 
series. Each Activity Worksheet contains several problems designed to be answered 
directiy on the worksheet There are a total of 30 worksheets in the series. 

The titles and numbers for the complete Activity Worksheet Series arc shown below. 

Experiment 0: The Physical Science Laboratory 
Introduction to Experiment 0 

Worksheet 0-1: Touring the Physical Science Laboratory 
Worksheet 0-2: Using the Instruments 
Worksheet 0-3: Using Other Instruments 
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Experinxnt 1: Finding Elapsed Time 
Introduction to Experiment 1 
Worksheet 1-1: Using the Elapsed Time Clock 
Worksheet 1-2; Making Time Go Faster or Slower 
Worksheet 1-3: Time Sense 

Experiment 2: Finding Length and Width 
Introduction to Experiment 2 
Worksheet 2-1: Using the Ruler 
Worksheet 2-2: More Ruler Measurements 

Experiment 3: Finding Area 

Intnxiucuon to Experiment 3 
Worksheet 3-1: Area of a Rectangle 
Worksheet 3-2: Area of a Circle 
Worksheet 3-3: Area of a Triangle 

Expcrin^nt 4: Finding Distance Using a Map 
Introduction to Exf^ment 4 
Worksheet 4-1: Measuring Map Distance 
Worksheet 4-2: Measurcn»nt Issues 
Worksheet 4-3: Ruler with 1/10 Inch Scale Divisions 
Worksheet 4-4: Measuring Distances. on Paper Maps 

Experiment 5: Finding Seasonal Temperatures 
Introduction to Experiment 5 

Worksheet 5-1: Measuring Air and Water Temperatures 

Worksheet 5-2: Temperature Extremes 

Worksheet 5-3: Changing Temperatures 

Worksheet 5-4: Temperature Scales 

Worksheet 5-5: Reading a Circular Thermometer 

Experiment 6: Refrigerator 

Introduction to Experiment 6 
Woricsheet 6-1: Inside Your Refrigerator 
Worksheet 6-2: Temperatures Inside a Refrigerator 
Worksheet 6-3: Controlling Refrigerator Teraperamre 
Worksheet 6-4: Knowing Your Refrigerator Themiostat 
Worksheet 6-5: What if the Power Goes Off 
Worksheet 6-6: Reading a Thermometer 
Worksheet 6-7: In Your Own Refrigerator 

Experiment 7: Pendulum 

Introduction to Experiment 10 
Worksheet 7-1: Working with the Pendulum 
Worksheet 7-2: Observing Pendulum Motion 
Worksheet 7-3; The Effects of Mass 
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C. The Teacher's Manual 



Accompanying the software and Activity Worksheets is a 21 page Teacher's Manual. 
The manual is divided into several sections. 

Part I describes the factors that influenced the development of this software. In 
addition, our design goals for the students and teachers who will use this software are 
clearly stated. Finally, some of the more important educational benefits of computer 
simulation are presented. 

Part II presents important information about the haidware and software required to 
run the simulation software. Explicit directions are also given for starting up and 
exiting the simulations. 

Part in describes the documentation and suppon materials that accompany the 
software. The Activity Woricsheet Series is introduced. Also, the three metliods by 
which users can quickly introduce themselves to the software are described-the video 
introduction, the hands-on introduction, and the illustrated text. 

Part IV suggests a number of instructional nwthodologies that teachers may want to 
follow while utilizing this courseware. Methods for using the courseware with 
learning disabled children are included. These recommendations arc based on 
classroom field testing of the courseware. Recommendations for use with children in 
general are also found here. 

The Glossary contains a complete description of all the terms ininxluced with this 
softv/are package. For those unfamiliar with .nouse" terminology, a separate mouse 
glossary is provided. The larger glossary contains a description of all the terms 
associated with the Physical Science Laboratory. 

D. The Video introduction 

Although a video introduction was not one of the original project objectives, it was 
found to be a quick and "natural" way to introduce teachers-and eventually students-- 
to the simulation environment Videos also served the design team well in 
documenting features of the software as it was being developed. 

There are three short videos (less than 15 minutes each) accompanying the software. 
The first of these, "Using A Mouse," introduces mouse terminology while at the same 
time dcnronstrating the unfamiliar word being described. This video is most suitable 
for people who have never used a mouse before. 
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The second video, Touring The Lab," gives the potential user a detailed look at the 
features of the Physical Science Laboratory. Watching this video is the quickest way 
of learning how the ^ftware works. 

The third video. "A Sneak Preview," proviies a look at ail the simulations. Teachers 
get an overview of the capabilities of each of the simulations - making it easier for 
them to evaluate the potential usefulness of the software and to familiarize themselves 
with its capabilities without having to sit down and u% it 



11. Field Test Evaluation 



A. Overview of the Process 



The formative evaluation of the simulation software and the supporting materials was 
divided into two phases. During tiie first phase the software was tested in four 
school settings over a period of 2 months. The purpose of the Phase I activities was 
to determine whether the software was working in the manner intended. We were 
especially interested in learning what feature.*, were going to be troublesome for tiie 
target audience. We observed students usin,; the software, and listened carefully to 
teachers' and students' comments. 

During the second phase of the evaluation, the software was tested in three school 
settings over a period of 3 months. At this tinw the software was accompanied by 
all of the supporting materials including the Activity Woricshect Scries and die video 
introductions. Meetings were held with teachers prior to installation to familiarize 
them with die new materials. Three evaluation instruments were prepared for this 
stage: 

• Teacher Evaluation of Introductory Materials 

• Teacher Evaluation of Experiment 

• Student Evaluation of Experiment 

During the second phase of the evaluation, students concentrated on completing the 
Activity Worksheets either with or without help from their teachers. Teachers 
worked witii or observed students using the software and solving the problems on the 
Activity Worksheets. Teachers also maintained records of smdents' progress in 
completing the materials using a prepared checklist. We also observed and worked 
directly with students during this phase. 
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B. The Evaluation Instruments 



1) Teacher Evaluation of introductory Materials 

This evaluadon instrument consists of a scries of statements about the 
introductoiy materials. For each siatcmeni the resjxjndcni circles their level of 
agreement or disagreement on a scale of 1 to 5. A "1" indicates strong 
agreement; a "5" indicates strong disagreement A "3" indicates that the 
resi»ndent is essentially neutral on that topic. A section for written comments 
is provided at the end of each category of statements. 

The categories of statements include: 

• Pan I: Video Introduction. Seven statements dealing with the three 
introductory videos. 

• Pan n: Hands-On Introduction. Four statemtnis concerned specifically 
with Experiment 0, which is designed to familiarize users with the 
Physical Science Laboratory in a hands-on fashion. 

• Pan IH: Written Documentation. Nine statenrents directed at the 
Teacher's Manual. 



The form containing the actual statements regarding the teacher evaluation of 
introductory materials can be found in the Appendix of this report. 



2) Teacher Evaluation of Experiment 

This evaluation instrument also consists of a series of statements with which the 
respondent is asked to agree or disagree. It too is bas&d on a scale of 1 to 5 
where a "1" represents "strongly agree" and a "5" represents "strongly disagree." 
This same form is used to evaluate each experiment (simulation). To complete 
this evaluation fomn each teacher was instructed^ as follows: 

Familiarize yourself with the Activity Worksheet Series, especially the 
introduction to each experiment. Work with or observe students using the 
courseware materials. Complete the form Teacher Evaluation of 
Experiment after you are thoroughly familiar with the materials and 
student reaction to a given experiment. 



' See the form «iiiUed Instructions for Teachers in the Appendix of this report 
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The evaluation forni contains six categories of statements which are listed 
below. The numbers in parentheses indicate the number of statements 
associated with each category. 

Category A: General. (9) 

Category B: Leaming To Use This Program. (6) 

Category C: Graphics. (3) 

Category D: Feedback (froni the program to user). (8) 

Category E: Activity Workiheets. (5) 

Category F: Instruction. (3) 



Several sources were consulted in developing this evaluation form. These 
include an in-depth discussion of computo- simulation as an educational tool by 
Kistler (1988); a method for smdent evaluation of software by Callison and 
Haycock (1988); and an approach by Caffarella (1987). 

Doll (1987) was used to provide specific microcomputer criteria and Detekek 
Blease's book "Evaluating Educational Software" (1986) provided a firm 
grounding in educational Uieory in developing the criteria for evaluation. 

Some insights in what to look for while we were testing the software, and the 
problems we wanted to avoid in the final product were found in Perry (1986), 
and consequentiy some oif his criteria found their way into tiie evaluation form. 

Hoffmann's (1985) "Educational Software: Evaluation? No! Utility? Yes!" 
contains an assertion that suppons our decisions about learner control of the 
software: 

"die important consideration is the user's perceived control 
which rests on the degree to which the user can manipulate the 
microcomputer environment in a purposive, exploratory 
fashion." 



The need for teachers to watch students using the software being evaluated was 
an important consideration given by Test (1985). and influenced our 
recommendations for teachers doing the evaluating. 

In the literature Uiai we reviewed, we found no consensus as to what constitutes 
a definitive software evaluation. Instead, we drew from the literature in an 
eclectic fashion to establish questions about the factors we identified as being 
important both to tiic teacher and the student-taking into consideration die 
special needs of the leaming disabled student The Teacher Evaluation of 
Experiment form can be found in the Appendix of Uiis report. 
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3) Student Evaluation of Experiment 

Students also had the opportunity to evaluate the software and its related 
materials. An evaluation form containing 20 statements was created. If the 
student agreed with the statement, they were instructed to circle the "Yes" 
response, if they did not agree with the statement, they were iiistructed to circle 
the "No" response. If the statement did not apply, they were instructed not to 
circle either response, and continue with the next question. The Student 
Evaluation of Experiment form can be found in the Appendix of this repon. 



C. Summary of Evaluations 



1) Participants 

Three public schools in Chittenden County, Vermont, participated in the 
evaluation of the software and the accompanying materials: 

1. Shelbume Middle School 

Chittenden South Supervisory School District 
Shelbume, Vermont 05482 
John Winton, Principal 

2. Williston Central School 

Chinenden Soutli Supervisory School District 
Williston, Vemiont 05495 
Marion Stroud, Principal 

3. Edmunds Middle School 
Burlington School District 
Burlington, Vermont 05401 
Reginald Cross, Principal 



Six teachers participated in the evaluation process: 

1. Linda Knickerbocker 
Special Educator, Grades 4-8 
Shelbume Middle School 

2. M. Shawn Farley 
Regular Educator 

Special Education Assistant, Grades 4-8 
Shelbume Middle School 
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3. EUcn Farnsworth 

Special Education Tutor. Grades 4-8 
Shelbume Middle School 

4. Scott Orselet 
Special Educator 
Williston Central School 

5. Charles Wilson 

Computer Educator, K-8 Educational Program Dcvclopnieni 
Williston Central School 

6. John O. Mcguire 

Regular Educator/Special Educator 
Edmunds Middle School 



2) Teacher Evaluation of Introductory Materials 

Figure 1 summarizes the responses of the teachers to the innxxiuctory materials. 
Included are: the statement numbers and statements as they appear in the 
evaluation instrument: the number of teachers (n) responding to each statement; 
the MEAN response to each statement on a scale from 1 to 5 (where 1 = 
strongly agree and 5 = strongly disagree); and the standard deviation (SD) of 
the responses to each question. 



3) Teacher Evaluation of Experiment 

Figure 2 summarizes the responses of the teachers to each experiment. An 
overall summary' for each statement is shown in the column labeled ALL. For 
a given experiment the following items are included: the statement numbers 
and statements as they appear on the evaluation insirun»nts; the number of 
teachers (n) responding to each statement; the MEAN response on a scale from 
1 (strongly agree) to 5 (strongly disagree); and the Standard Deviation (SD) of 
the responses. 



4) Student Evaluation of Experiment 

Figure 3 summarizes the student responses to each experiment. The "number of 
respondents" to each experiment is shown across the top. These students 
successfully completed one or more of the Activity Worksheets for a given 



' The MEAN in ihc column labclal ALL is a weighied-average of the MEAN resprases across all Uie 
expcrimcnis for a given statement Each experiment MEAN is weighted by the number of teachers 
responding fat thai experiment 
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experiment In most cases, these students had completed all of the Activity 
Woiksheets for the given experiment before they completed the evaluation for 
that experiment. 

The students in this group were drawn primarily Ifrom the special education 
populations of their respective schools, i.e., smd^nts having learning problems 
that require Individualized Educational Plans (lEPs). Occasianally, special 
education students were paired with regular education students and both their 
evaluations are included in this summary. 

For each experiment, the "number responding" YES or NO to a given statement 
is shown. The "percent responding" YES or NO is comput«i by dividing the 
number responding to a given a statement by the number of respondents for 
that exi^rimenL The percent responding may be less than 100 l»cause students 
elected not to respond to some of the statements (which is appropriate for 
certain experiments), or circled both the YES and NO responses. 

The column labeled TOTAL gives an overall picture of the responses across aU 
of the experiments. The number responding YES or NO to a given statement 
in the TOTAL column is just the sum of the number responding YES or NO 
across all of the experiments. The percent responding is computed by dividing 
the number responding by the TOTAL number of respondents. The TOTAL 
column needs to be interpreted carefully in light of the particular evaluation 
statement to which it applies. 



5} Supplementary Evaluation by a Regular Education Teacher and Her 
5th Grade Class 

Mary Woodruff, a 5th grade teacher at the Williston Central School, utilized 
Experiment 5: Finding Seasonal Temperatures to supplement a unit on 
weather and climate that she was leaching to her regular education class. Her 
evaluation of that experiment, and the evaluations of her students are shown in 
Figures 4 and 5, respectively. 



HI. Dissemination 



A major objective of Macro's proposal was the dissemination of the technology product 
that is the result of this project. No technology product will be seen and used by the 
special education community unless large numbers of teachers arc made aware of its 
existence. Commercial publishing has always represented an important option, although we 
also considered distribution of the software as public domain "shareware". 
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Duiiiig the final production of the materials, it became clear that the software and 
accompanying materials were too substantial to be a reasonable shareware product. When 
we demonstrated the software to publishers at TAM and CEC conferences, their enthusiasm 
for the product convinced us that it has good commercial potential. 

Macro registered its copyright with the U.S. Copyright Office and began the process of 
letters, meetmgs and phone calls that constitutes good marketing. Mindscape, publisher of 
the product "Quest for Kles" which resulted from an adaptation of instructional materials 
contract, was first to review the software and praised it highly. The company is 
experiencing a slump in sales and is cunently unable to negotiate for new products to add 
to its existing catalog. 

At the invitation of The Learning Company, a prize-winning software company, we sent it 
for review to Dr. David Rubin, Director of Etevelopment He was veiy enthusiastic about 
the product's commercial potential as an educational software package; however. Hie 
Learning Company has just made a decision to acquire only those software progranis that 
have home market potential as well as educational potential and tills software is definitely 
designed for tiie classroom. Dr. Rubin suggested that we send it to Sunburst 
Communications. 

Project Director Garrett Hughes spoke with the Director of Development for Focus Media 
at the National Educational Computing Conference and that company requested the 
opportunity to review the product as well. 

At this writing, we are waiting to hear from Sunburst and Focus Media. Both companies 
have had the materials for a short time and noraial evaluation by a software company for 
potential publications takes from 2 ic 6 months. 
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I. Phase 1: Material Development 



A. Organization of the Design Team 

A design team con.«istii«g of Macro staff and four teachers from three local school 
districts was organized to formalize the design of the science simulation software. 

Two of the teachers who served on this design team are special education teachers 
with responsibility for the special education programs in their own schools. The 
other two teachers are computer coordinators: one serving the needs of an entire 
school district, and the other assigned to a single elementary school while working 
with a district-wide technology committee. 

Teachers on design team included: 

Allen Currier 
Computer Coordinator 
Burlington School District 
Burlington, Vermont 

Linda Knickerbocker 

Special Educator 

Shelbume Middle School 

Chittenden South Supervisory School District 

Shelbume, Vermont 

Scon Orselet 

Special Educator 

WilUston Central School 

Qiittenden South Supervisory School District 

Williston, Vermont 

Qiarles Wilson 

Computer Coordinator 

Williston Central School 

Chittenden South Supervisory School District 

Williston, Veimont 



B. Creation of Storyboards 

The design team held five 3-hour evening meetings over a period of 4 months. The 
goal of these meetings was to specify, as clearly as possible, the design of the 
science simulations. 
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After reviewing the criteria established in the proposal, and analyzing the needs of 
the target group, the design team decided to emphasize the following goals in their 
design efforts: they would design the simulations so that students could learn how to 

• Do basic measuren^nts 

• Use these basic measurement skills to solve problems in a physical science 
context 



The design team then began fleshing out the simulations. These efforts were 
facilitated by the use of two paper forms (sec Appendix). One of these forms was 
used to create storyboards, and the other was used for writing out the functional 
specifications of equipment and objects that would appear in a given simulation. The 
drawings and functional specifications were presented and discussed by the design 
team members at their meetings. After die third noting of die design team, the 
programming staff and graphic artists at Macro were able to create woricing 
prototypes from the preliminary specifications. These gave die design team a bcner 
"look and feel" for how th«! simulations would actually behave. 

During this phase, members of the design team reviewed die current literature and 
reviewed existing science simulations in the realm of die physical sciences. Only one 
piece of published software came close to die design goals of the Physical Science 
Laboratory. This was a set of chemistry simulations known as "Chera Lab," 
published by Simon & Schuster. 

Chem Lab taught us several valuable lessons in what ucx to do when designing 
science simulations. The design team decided not to use die keyboard, at all, to 
enter instructions: the commands have to be learned and entered - a difficult set of 
skills to acquire. In addition, die keyboard severely limits die user's freedom of 
motion in i*:anipulating objects on the screen. The mouse was selected as die sole 
input device. 

As a result of trying to decipher the relatively complicated user's manual for Chem 
Lab, die design team decided to produce one or more shon, mformal videos diat 
would introduce the simulation software and demonstrate the basic commands used to 
control it. As a result, a teacher could use a video to review die software or Icam to 
use the software in a relatively shon period of time - independent of die availability 
of the actual hardware or software itself. 

At die end of die 4-mondi design period, the design team had put togedier a series of 
storyboards and functional specifications that formed die framewoik for the 
programming effort. Fourteen simulations were proposed. These included die 
following working numbers and tides: 



0. The Lab 

1. Finding Elapsed Tuat 

2. Finding Length And Width 

3. Hnding Am 

4. Bnding Distance Using A Map 

5. Finding Seasonal Temperatures 

6. Finding Refiigeratcsr Temperatures 

7. Finding Oven And Burner Temperatures 

8. Hnding Mass With A Beam Balance 

9. Finding Liquid Volume 

10. Pendulum 

1 1. Inclined Plane 

12. Using A Lever 

13. Phase Change: Water 



The first of these, "The Lab," would be used to introduce the students to the 
simulated laboratory environment in which they would find themselves when working 
with any of the simulations. 

The next nine simulations were designed to help students Icam basic measurement 
skills in a variety of experimental, problem-solving environn^nts. Each of these 
simulations would display a large instrument with an analog scale. A small, 
moveable "icon" instrument would control the reading on the large scale. 
Measurements would be visible on the analog scale as well as in digital format in the 
"value bar" associated with the measurement instrument. Measurements would also 
be audible through the use of voice synthesis. 

The final four simulations were designed to allow the student to apply his or her 
nwasuren»r : skills to solve problems in a more typical physical science Iaborat0i7 
environment. 

One of the unique features of this software was to be the flexibility in the way it 
could be used by individual teachers. The software itself was not designed to 
provide instruction, but to establish learning environments. The teacher would use 
these environments for instructional purposes by utilizing Activity Worksheets. These 
worksheets would guide or sniicture the students interaction with the learning 
environment to produce the desired educational objectives. Preliminary educational 
objectives were formulated for each of the simulations designed. 

For learning disabled students, the teacher and student could work together to solve 
the problems on the worksheets. The worksheets were to be written for a sixth-grade 
reading level, so that students could work by themselves or in pairs where that was 
deemed feasible by the teacher. The intent has always been for, the teacher to 
maintain control of the instructional process. 



.13 



Project Methodology 



Ctiapter III. Project Methodology 

C. Writing and Debugging the Programs 

In the scheduled nmc available, the design team decided to concentrate their efforts 
on implementing those simulations which would provide the maximum benefit for the 
learning disabled smdents. These included the simulations which sixessed basic 
measurements done in practical, familiar environments. 

Once the basic laboratoiy environment was created (Experiment 0), it was found to 
take about 5 weeks of programming effort to write and debug each one of the 
simulations. Within the scheduled time available, it was possible to create 
Experiments 1 through 6. Experiment 7 was added to demonstrate the possibilities 
for a more sophisticated experiment, once the basic nKasuremenl skills had been 
learned by the smdent 



II. Phase 2: Field Testing 

Held testing was carried out in two phases. The first phase lasted approximately 2 
months; four different schools were involved in the testing process. An Apple WGS 
ccraiputer was supplied to each of the schools in turn for about 2 weeks duration. During 
this tm Macro staff visited the schools and observed the software in use. Preliminary 
versions of the Activity Woricshcets were supplied for use during this time. Macro staff 
consulted frequently with the teachers and students who were using the simulation software 
and the Activity Worksheets. Debugging activities and improvements to the existing 
software were carried out on a daily basis. 

The second phase of the testing period lasted approximately 3 months. Three public 
schools in Chittenden County, Vermont, simultaneously participated in this phase. The 
names and addresses of these schools have been given previously in the section tided 
"Participants." During the second phase of the fieid testing all schools received the final 
versions of the simulation software, teacher's manual, video introduction, and evaluation 
instruments. Students using the materials were tracked by their teachcr(s) using a prepared 
checklist When a student had completed all or most of the Activity Worksheets associated 
with a given experiment, they were asked to fill out an evaluation questionnaire, for that 
experiment These questionnaues have been described in detail above, along with a 
summary of both the teachers' and students' evaluations. 

In each of the three schools participating in the second phase, teachers sat with the special 
education students at the computer as they worked through the Activity Worksheets. In 
most cases, two students worked at a computer at the same time. The teacher would 
answer questions, if asked, about the nature of the assignment. For the most part the 
students took their instructions from the Activity Worksheets. 
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Figure 1(1} 



SDMMlUiy OF EVJVLUATZONS 
TEACHER EVALUATION OF IMTRODUCTORY MATERIALS 



n Number Of Teachers Responding To Each Statement 

Mean = Average Of Responses On A Scale From i To 5 

where 1 = strongly Agree, 5 = Strongly Disagree 

SD = Standard Deviation 



No. 


Statement 


n 


Mean 


SD 


01. 


The Video "Using A Mouse 
provides good instruction in 
learning how to use a mouse. 


6 


2.2 


1.2 


02. 


I would recommend the video 
"Using A Mouse" to another 
teacher for use as an 
instruct ional tool. 


6 


2.8 


1.0 


03. 


I would use the video "Using 
A Mouse to instruct students 
in how to use a mouse. 


6 


3.2 


1.3 


04. 


The video "Touring the Lab" 
provides a good overview of 
the basic features of the 
Physical Science Laboratory. 


6 


2.7 


0.5 


05. 


I could describe the basic 
features of the lab to another 
teacher after viewing the 
video "Touring the Lab." 


6 


2.5 


3 . 3 


06. 


I would use the video "Touring 
the Lab" to instruct students 
in the basic features of the 
Physical science Laboratory. 


6 


3.3 


1.2 


07. 


Having a person watch the 
video "A Sneak Preview" is a 
good way to introduce them to 
the simulated environments in 
the Physical Science 
Laboratory. 


6 


1.7 


0.5 
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No. 


Statement 


n 


Mean 


SD 


wo • 


Tne Instructions in the 
Teacher's Manual for getting 
started with the hands-on 
materials are clear. 




1.2 


0.4 


09. 


Starting up Experiment 0 did 
nor presenx. any significant 
problems. 


6 


1.2 


0,4 


10. 


Using the HELP feature is a 
convenient way to discover the 
names of objects and places in 
the Physical Science 
Laboratory . 


6 


1.5 


0.8 


11. 


Working through the Activity 
worKsneets for Experiment o is 
a good way to familiarize 
yourself with the lab's 
features. 


6 


2.7 


1.2 


12. 


It is easy to find what you 
are looking for in the 


6 


1.3 


0.5 


13. 


The software's statement of 
purpose is clearly presented 
in the Teacher's Manual, 


6 


1.5 


0.5 


14. 


The software's intended 
audience is clearly presented. 


6 


1.7 


0.5 




i.ne 5oi.uware s special 
features for the learning 
impaired are clearly 
presented . 


6 


2 .0 


0.9 


16. 


The software's intended goals 
for the student are clearly 
presented . 


6 


1.7 


1.2 


17. 


The software's goals for the 
teacher are clearly presented. 


6 


2.0 


1.1 
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No. 


Statement 


n 


Mean 


SD 


18. 


The software's hardware and 
software requirements are made 
clear. 


6 


1.3 


0.5 


19. 


The glossary of mouse termino- 
logy is clearly presented. 


6 


1.0 


0.0 


20. 


The glossary of Physical 
Science Laboratory terminology 
is clearly presented. 


6 


1.0 


0.0 



SUMMMIY OF EVALUATIONS 
TEACHER EVALUATION OP INTRODUCTORY MATERIALS 



n = Nujaber Of Teachers Responding To Each statement 

Mean = Average of Responses On A Scale From 1 To 5 

where 1 » Strongly Agree, 5 « Strongly Disagree 

SD = Standard Deviation 



Mo. 


Q +* A t* <a TO o n ^ 


n 


MEAN 


SD 


01. 


The Video "Using A Mouse provides 
good instruction in learning U-^ to 

CI iUwUS>C • 


6 


2.2 


1.2 


02. 


I would recommend the video "Using 
A Mouse" to another teacher for use 
as an instructional tool. 


6 


2.8 


1.0 


03, 


I would use the video "Using A Mouse 
to instruct students in how to use 
a mouse. 


6 


3.2 


1.3 


04. 


The video "Touring the Lab" provides 

features of the Physical Science 
Laboratory 


6 


2.7 


0.5 


05. 


I could d^cid^lhia Hacir* ^^a^+^ti-j-^e 

of the lab to another teacher after 
viewing the video "Touring the Lab" 


o 


2.5 


0 . 5 


06. 


I would use the video "Touring the 
Lab" to instruct students in the 
basic features of the Physical 
Science Laboratory. 


S 


3.3 


1.2 


07. 


Having a person watch the video "A 
Sneak Preview" is a good way to 
introduce them to the simulated 
environments in the Physical Science 
Laboratory. 


6 


1.7 


0.5 


08. 


The instructions in the Teacher's 
Manual for getting started with the 
hands-on materials are clear. 


6 


1.2 


0.4 


09. 


Starting up Experiment o did not 
present any significant problems. 


6 


1.2 


0.4 
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10. 


Using the HELP feature is a 
convenient way to discover the names 
of objects and places in the 
Physical Science Laboratory. 


6 


1.5 


0.8 


XI. 


Working through the Activity Work- 
sheets for Experiment 0 is a good 
way to familiarize yourself with 
the lab's features. 


6 


2.7 


1.2 


12. 


It is easy to find what you are 
looking for in the Teacher's manual. 


6 


1.3 


0.5 


13. 


The software's statement of purpose 
is clearly presented in the Teachers 
Manual . 


6 


1.5 


0.5 


14. 


The software's intended audience is 
clearly presented. 
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1.7 


0.5 


15. 


The software's special features for 
the learning impaired are clearly 
presented . 
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2.0 
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16. 


The software's intended goals for 
the student are clearly presented. 
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1.7 


1.2 


17. 


The software's intended goals for 
the teacher are clearly presented. 
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1.1 


18. 


The software's hardware and software 
requirements are made clear. 


6 


1.3 
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19. 


The glossary of mouse terminology 
is clearly presented. 
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20. 


The glossary of Physical Science 
Laboratory terminology is clearly 
presented. 
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Rgim2(1) 

SUMMARY OF EVAUJATK>HS: TEACHER EVAUIAHON OF EXPERiftlCNT 

EXPERIMENT NUMBER 



n ^ number of teachers responding 
Mean = average on scale of 1 to 5 
l==strongly agree « 5=^strongly disagree 
SD = Standard Deviation 



T 



T 



T 1 

[ 10 j ALL 



No. 



Statement 



|01, The Activity Worksheet Series 
1 Introdaction to this experi- 
1 ment clearly presents the 
1 educational objectives of 
I this simulation. 
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j02. The important features of 
1 this experiiBent are 
1 thoroughly explained in the 
1 Activity Worksheet Series 
1 Introduction. 
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03. The concepts presented in 

this computer simulation are 

1 well-suited for learning with 
the help of a computer. 
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04. Use of this computer 

simulation aloing with the 

Activity Worksheets will 

accomplish the educational 

objectives stated in the 

Activity Worksheet Series 

InforTnation- 
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Qb. This computer simulation 
provides a net:ded learnincj 
tool for all students, 

i 
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R8iira2(2) 



EXPERIMENT NUMBER 



n = number of teachers responding 
Mean = average on scale of 1 to 5 
l=strongly agree, 5=strongly disagree 
SD ■= Standard Deviation 
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No. 1 Statement 




i 

}06. This computer simulation 

1 provides a needed learning 

i tool for the special 

1 educational student when used 

1 in a special education 

1 instructional environment. 
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jo7* This computer simulation 
1 is particularly well- 
1 situated to the learning 
i needs of the ma instr earned 
1 special education student. 
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08. This computer simulation 

provides a valuable teaching 
tool for teachers to use in 
1 an instructional environment. 
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09. This computer simulation 

pruviaeb a VdiudDie teacning 
1 tool for teachers to use in 
a special education 
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|lO. A teacher with little or no 
II computer experience could [ 
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ii operate this prooram. 
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Rguro2(3) 

f 



EXPEPIHEMT NUHBER 



n - number of teachers responding 
Mean « average on scale of l to 5 
l=strongly agree, 5«strongly disagree 
SD « Standard Deviation 



{ I \ 2 

t I 



I 



j 10 j ALL 



|no.| 



Statement 



111. Based on your observations, 
I students with little or no 
I computer experience could 
I operate this prograia. 
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Jl2. The time required to learn 
how to operate just this 
progran is less than 15 
Biinutes. 
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13. Students not classified 5 
as special education students} 



had little or no difficulty j i.a 
using the mouse to control 
simulation. 
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14. Students classified as 

special education had little 
or no difficulty using the 
mouse to control this 
simulation. 
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jl5. The measurement instruments 

in this program were easy } 

to use. j 2.4 j 1.0 j 3.0 
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EXPERIMENT NUHBER 



n ^ number of teachers responding 
Mean = average on scale of 1 to 5 
l=strongly agree, 5«strongly disagree 
SD = Standard Deviation 
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tl6. The sifiiulation's graphics, 
1 are appropriate for the 
1 intended student audience. 
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jl7. The simulation's graphics 
1 are appropriate for the 
1 task at hand. 
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18. The simulation's graphics 
help focus the student's 
attention on the task at 
hand. 
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19. Students can understand 
the numeric measurements 
when they are displayed by 
1 the units bars 
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20. Students can understand 
j the numeric measurements 

when they are spoken by the 
computer. 
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FiVMm 2(5) 



EXPmiHEHT NUHBER 



n - number of teachers responding 
Mean « average on scale of 1 to 5 
I'^strongly agree, 5=strongly disagree 
SD = standard Deviation 
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|21. The capability to hide or 
1 display numeric measureiaents 
1 enhances the instructional 
1 use of this program. 
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|22. The capability to have the 
i computer speak the numeric 
t measurements enhances the 
] instructional use of this 
) program. 
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23. Students can understand the 
HELP windows whyie using 
the HELP mode. 
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24. Students find the HELP 
messages useful. 
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25. Students can understand 

the HELP messages when they 
are spoken by the computer- 
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Rgure 2(6) 



EXPERIMENT NUMBER 



n number of teachers responding 
Mean = average on scale of 1 to 5 
l^strongly agree, 5=strongly disagree 
SD = Standard Deviation 
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26. The absence of value 

judgements (by the program 
to the student) actually 
enhances the instructional 

1 environment created by this 

) program. 
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|27, Students have little 
1 difficulty understanding 
1 the written instructions 
1 on the Activity Worksheets. 
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28. Students are able to complete 
the Activity Worksheets with 
little or no help from the 
teacher. 
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29. The time required to complete 

any one of the Activity 
1 Worksheets does not exceed 
the student's attention 
span. 
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30. The Activity Worksheet 

problems are well correlated 
1 with the stated objectives 
1 for this simiilrit- ton. 1 
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EXPERIMENT NUMBER 



n = number of teachei responding 
Mean « average on scale of l to 5 
Isstrongly agree, 5«strongly disagree 
SD =» Standard Deviation 
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H31. There is a need for wore of 
11 this type of software, which 
ii allows the teacher to design 
II the problems for the student 
II to solve. 
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i|32. Students are interested 
Ii in the topic addressed by 
1 this simulation. 
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33. Students would like to sovle 
other problems in physical 
science using simulation. 

1 


2 


2 


1 


1 


1 


2 


1 


2 


12 


2.5 


1.0 


1.0 


1.0 


1 


1.0 


1 


1.0 


1.3 


0.7 


0.0 


0.0 


0.0 




0.0 




0.0 




34. The computer simulation along 

with the problems posed by 

the Activity Worksheets 

provide an excellent learning 

environment tor students, 
t*— 1 
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SUMIIARY OF EVAUIAT10NS: SIXNXNT EVALUATION OF EXPERIMENT 



EXPERIMENT NUMBER 
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01. I ^ jtched the video 
"Using A Mouse. 
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02. I watcbGd the video 
"Touring The Lab," 
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03. One of niy teachers 

explained to me how to run 
this experiment before I 
began doing it myself. 
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|04- This was the tirst time I 
j used a mouse to move j 
1 things around on tlie 
1 computer screen. 
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j05. I liked the way the | 
1 objects were drawn on | 
I the computer screen. j 
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11. I learned how to qet 
help from the computer 
while dointj the 
experiment. 
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06. Using the ruler 

instrument was easy. 
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07. Using the thermometer 
instrument was easy. 
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08, Using the scule (beam 
balance) was easy. 
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09. Using the car I 
was easy. 
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|10. I understood the computer j 
1 when it spoke the numbers.] 
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PMIT I: Factors Influencing The Development Of This Software 



Stateaent Of Purpose 

This software has been created to allow students to perform 
physical science experiments in a completely simulated experimental 
environment. The science simulations developed for this series are 
intended to complement any middle-school physical science 
curriculum. The simulations allow a student to perform physical 
science experiments using an Apple II 6S computer system; no 
additional equipment is required. Using a "mouse," the student 
manipulates objects on the computer screen to affect the outcome 
of each experiment. The simulations are open-ended and experiments 
may be carried out in a structured or unstructured fashion to suit 
a particular teaching methodology. 

Some of the objects and situations presented on the computer 
screen are similar to those that the student will encounter in the 
school laboratory; others place the student in familiar 
environments outside the school; still others exploit the 
computer's potential to create interesting experimental 
environments that would not normally be available to the student. 

Problem sets have been developed (see the Activity Worksheets) 
for each simulation. The skills required to solve the problems 
start at the level of simple ob'-ervation and advance through levels 
such as classifying, measuring, generalizing and predicting. A 
number of simulations are designed to help students gain competence 
in doing basic measurements. A consistent interface is used 
throughout all of the simulations. 

Mote: The terms simulation and experiment are so closely related 
in the context of this discussion that they are used 
interchangeably . 

Intended Audience 

The science simulations are suitable for students with a wide 
variety of cognitive reasoning skills. care has been taken to 
design the software to meet the needs of le?irning disabled and 
mildly mentally retarded students: particularly those who have been 
mainstreamed into a normal classroom environment. 
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Special Features For Learning Impaired Students 

Special features ."or learning impaired students include an 
emphasis on graphics rather than text to present key ideas; the use 
of a mouse instead of a keyboard for giving coxamands and for 
manipulating the experiments; the presentation of feedback in a 
non- judgmental manner, i.e., the absence of a formal 
reward/punishment system; voice synthesis of experimental data when 
requested by the user; a context sensitive help function that 
responds when the user points (with the mouse) to the object or 
location in question; the use of practical, familiar situations for 
introducing basic concepts; and a series of problem-solving 
environments that can be approached at different cognitive levels. 



Our Goals For The student 

1. Allow the student to perform physical science experiments 
wherever an appropriate computer is available. 

2. Give the student greater control over the experimental 
environment than would be possible in the school laboratory. 

3. i- -avide natural, unobtrusive and non judgmental feedback to 

J student during the course of each experiment. 

4. Haximize he potential for inquiry learning by actively 
involvi -.0 ^he student in the experimental process. 

5. Allow for widely differing abilities among the students using 
the same software. 

6. Create software that will not be perceived by students as 
being designed just for students with learning cisabilities. 

7. Provide software that will assist students in learning the 
basic competencies associated with physical measurement. 

8. Present experimental situations that are fun and interesting: 
that often take place in familiar environments outside the 
school laboratory, but sometimes occur in exotic locations. 

9. Create the opportunity to view an experiment under "ideal 
conditions" - those where the simplest assumptions apply - as 
well c.s under the more realistic conditions of a physical 
science laboratory. 



our Goftls For Tbe Teacher 



1. Give the teacher control of the instructional process. 

The software does not attempt to teach; it allows the student 
to learn by establishing problem-solving environments that 
enhance learning opportunities. Problems can be posed by the 
teacher or by the student. 

2. Provide feedback to the student in the absence of the teacher. 

For example, the experiments dealing with basic measurements 
show a readable scale for each instrument, as well as a 
digital display of the value being measured. The digital 
reading can be observed at the same time as the scale reading, 
providing visual feedback to the student who is estimating the 
numerical value from the scale reading. The digital reading 
can easily be hidden or displayed to facilitate educatpd 
guessing of the scale reading. A synthesized voice can also 
be used to "speak" the displayed numerical value. 

3. Minimize the time needed to learn how to use the software. 

Three different approaches are taken: video; guided hands-on 
activities; and profusely illustrated text. Each of these 
provides an introduction to the Physical Science Laboratory 
and its facilities. Refer to the Table Of Contents under 
Introducing You To The Physical Science Laboratory for 
information on where to find these materials. 

In addition, each program disk/simulation comes with an 
Introduction written especially for the teacher. When all 
else fails, refer to the appropriate Introduction. 

4. Provide the teacher with Activity Worksheets for each of the 
experiments . 

The Activity Worksheets pose a series of experimental problems 
to be solved by the stuuv^nt. Space is provided on the 
Worksheets to write an answer to each question posed. 
Instructions to help solve the problem are al^o given on the 
same Worksheet, but it is often not necessary to read these 
before attempting a solution. The Worksheets may be duplicated 
and distributed to students as needed. The Worksheets are 
written for a Grade 6 reading level. 
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5. Eaeoiirage tba teacher to make instructional videos using this 
software. 



The graphics used in the simulations have been drawn to be 
compatible with presentation on a standard color television 
set. When individual student use on the computer is not 
possible, the teacher can prepare lessons with voice 
accompaniment and store the results on video tape for use at 
any time. 



Technical Objectives Of The Designers 

1. Provide a simple and common interface to manage the 
simulations. 

The interface is mouse-driven to avoid having to type in 
commands at the keyboard. Use of a mouse facilitates cursor 
movement for selecting various options at different positions 
on the screen, and for positioning experimental objects. 

The Physical Science Laboratory is laid out in a fixed but 
flexible arrangement. Many of the same screen locations and 
instruments can be utilized from one experiment to the next. 

2. Maintain technical accuracy in depicting physical events. 

Observations and data obtained during these experiments are 
similar to those that would be obtained if the experiment were 
done under the same conditions in a real-world environment. 
Care has been taken to introduce numbers that reflect physical 
law as it is currently understood. 

3. Give the user control over the rate at which events occur 
during the experiments. 

The Physical Science Laboratory comes equipped with a clock 
that can be speeded-up or slowed down. Speeding-up or slowing 
down the laboratory clock relative to a real world clock will 
cause the events occurring in the laboratory to spfc«d-up or 
slow down, accordingly. Time can even be stopped to allow 
critical measurements to take place, or to position 
experimental objects in space. 




4. Produce video images that are compatible with standard color 
TV sets to facilitate the production and use of instructional 
videos. 



Computer technology is capable of producing very high 
resolution graphic images on computer video screens. 
Unfortunately these images can not be reproduced on a standard 
classroom or home TV set. Attempting to do so usually results 
in a blurry, sometimes unrecognizable image appearing on the 
TV screen. Care has been teOcen in the production of the 
graphics for these experiments to assure their viewability on 
a standard TV set. Teachers can use these images to prepare 
instructional videos on a VCR that can be played back on any 
home TV set. 

Preparing computer-assisted instructional videos on the 
Apple II /GS computer requires connecting a cable from the 
composite-video-out plug on the back of the computer to 
the video-in plug on a standard VCR. The signal from the 
computer is then recorded in the same fashion as you 
would record a signal from a TV program or video camera. 
Some VCR's feature audio dubbing, which will allow the 
recording of voice over the video image. The video 
introductions for these simulations were prepared in this 
fashion. 



Educational Benefits Of Computer simulation 

1. Computer simulation allc><s the possibility of doing 
experiments without recpiiring the resources normally 
associated with a science lab. 

Safety considerations, consumption of resources, and 
protection of laboratory equipment preclude the student 
from doing experiments at school in an unscheduled or 
unsupervised fashion. Finding time on a school computer 
can often be easier than gaining access to the school 
science lab. 

2. Computer simulation can be used to illustrate the »»ideal" 
behavior of physical phenomena - the behavior associated 
with the amplest assumptions of physical law. 

The variables that affect actual behavior can be 
introduced and controlled, one at a time, to show how 
they modify the simpler behaviors. The differences 
between an "ideal" environment - for example, one without 
friction - and a real-world environment can be plainly 
demonstrated . 
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Computer simulation oas he used to regulate the time it 
takes to do an experiment. 

Time can be slowed down or speeded up to suit the needs 
and temperament of the experimenter. A student with a 
learning disability can cause the ejcperiment to proceed 
at a pace that is compatible with his or her skills. 

Time can be suspended (like taking a high-speed 
photograph) in order to facilitate the taking of 
measurements or the arrangement of equipment. For 
example, to position an object for a free-fall 
experiment, one need only stop time, move the object to 
a given height above ground, and then start time to begin 
the fall. Time can be slowed down to make the object 
appear to.be falling slower, if necessary. Since the 
time clock and the events are synchronized, the data 
derived from any experiment will always have the proper 
relationship to real time. 



Computer simulation coupled with computer graphics can 
be used to create problem-solving environments that are 
not normally accessible to the student/ and at the same 
time provide a high degree of scientific interest. 

For example, certain experiments in the Physical Science 
Laboratory series may be moved quickly between the earth 
and the moon, so that the same experiment can be 
performed in both places and the results compared. While 
on the earth, the student views a suburban landscape in 
the background, while on the Tioon he or she isa presented 
with a starlit sky and a craggy lunar surface. 

Computer simulation coupled with a vCR can be used to 
create video demonstrations of physical phenomena. 

The video demonstrations can, of course, be narrated by 
the teacher. The teacher can prepare a video library of 
ready-made demonstrations for instructional purposes. 



Part lis Operating the Physical science Laboratory 



Rardvare: miat You Need 

The hardware required to run the simulations in the Physical 
Science Laboratory includes an Apple II GS computer, a color 
monitor, a mouse (single-button preferred), one or two 3.5~inch 
disk drives, and 768K bytes of RAM memory. 

Note that 768K bytes of neaory represents an increase of 256X over 
the standard Apple II GS. 



Software: what You Need 

Start your computer with the System Disk included with this 
teacher's manual. If you have two 3.5-inch disk drives, ^eave the 
system disk in one of the drives while running the simulations. 
If you only have one 3.5-inch drive, follow the instructions for 
swapping disks that will appear on the computer screen from time 
to time. 

Each simulation in the Physical Science Laboratory is supplied 
on a separate 3.5-inch program disk. Each program disk is labeled 
with an experiment number and title. The program disk, labeled 
Es[perinent O: The Physical Science Laboratory, is supplied with 
this teacher's manual to help acquaint you with the Physical 
Science Laboratory in a hands-on fashion. 



Running The Simulation Programs 
Starting Up 

Place the System Disk, which accompanies the teacher's manual, 
into a 3 1/2 inch disk drive. Turn on or reboot the computer. (To 
reboot press and hold the Control, Apple and Reset keys in that 
order, then release them in the reverse order. The reset key is 
all by itself at the top of the keyboard.) 

Place the program disk containing the simulation you wish to 
run in the other 3 1/2 inch drive (or swap it with the system disk 
if you have only one drive) . A disk icon will appear on the screen 
with the same name as that written on the disk label. 

A window will emerge from the disk icon. Double click on the 
icon which appears in that window. The screen will go blank except 
for the phrase "Launching:" followed by a file name. In about 30 
seconds the title screen for this disk will appear. The title 
screen contains information about the experiment being run and the 
registered user to whom the disk belongs. The title screen will 



be displayed for a few seconds, followed by the starting screen for 
the current experiment. 

Using the mouse and the mouse pointer you are now ready to 
start the experiment. For best results, look over the Introduction 
to the current experiment in the Activity Worksheet Series. For 
suggested activities refer to the worksheets, themselves. 



Quitting 

To quit and return to the operating system: 
Normal Exit 

First: click on the blue gadget (rectangle) appearing in the 
Clock window in the upper right-hand corner of the screen. A 
menu will appear at the top of the screen. You will currently 
be in the menu mode. 

Second: click on the QUIT word appearing in the menu. 

Third: remove the disk containing the simulation experiment 
from the drive. If you want to get fancy you can drag the 
disk icon for this experiment onto the trashcan icon, which 
should be on the screen at this time. The experiment disk will 
then eject automatically, and its icon will disappear from the 
screen . 



Exceptions: 

1. If you are already in the menu mode simply click on the 
QUIT word. 

2. If you are in the help mode (the word HELP appears in 
reverse video (white on black) ) , then click once or twice on 
the CONTINUE word and follow the instructions for a normal 
exit above. 
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Part III: Dociuaentation And Support Materials 
The Activity Worksheet series 

Every program disk for the Physical Science Laboratory is 
accompanied by a set of documents known collectively as the 
Activity Worksheet Series. The first of these documents for each 
program disk is a detailed introduction to the simulation 
environment presented on that disk. The remainder of the documents 
for each program disk are a series of Activity Worksheets that pose 
experimental problems to the student. The worksheets are designed 
to be filled out while solving an experimental problem. 

The introductory document of each simulation describes the 
objectives we had in mind when we created the simulation, and also 
describes the special features associated with that simulation. 
It is here that you will find a detailed description of how to 
manipulate an instrument, or move an object in the experimental 
environment. A picture of some phase of the simulation always 
appears on the first page of the introductory document. 

For easy identification, each Activity Worksheet in the series 
has a number and a title: for example, Worksheet l-X: Using The 
Elapsed Tine Clock. The first part of the number indicates the 
experiment, and the second part identifies one of a number of 
experimental problem sets associated with this experiment. Each 
Activity Worksheet contains several oroblems designed to be 
answered directly on the worksheet. 



Introducing You To The Physical Science Laboratory 
Video Introduction - Vatch And Listen 

Three short videos appearing on one video tape are packaged 
with this teacher's manual. The first video, entitled "Using A 
Mouse", should be considered must viewing for anyone unfamiliar 
with mouse terminology. The second video, "Touring The Lab", takes 
you through the basic features of the Physical Science Laboratory. 
Finally, the third video, "A Sneak Preview", gives a brief look at 
some of the experiments in this series. 



Hands-on Introduction - Try It Yourscslf 

After viewing the introductory videos, you're ready for hands- 
on practice using the Physical Science Laboratory. This hands-on 
introduction uses the depiction of the lab on your computer screen, 
together with the Activity Worksheets for Experiment 0, to acquaint 
you with the permanent features of the Physical Science Laboratory. 



To begin, get a copy of Worksheet o-l: Touring The Physical 
Science Laboratory. Find the program disk labeled Experiment Oi 
The Physical science Laboratory. You will also need to locate the 
disk labeled System. Disk that was supplied with the teacher's 
manual. 

Note: You must use the system disk that we supply, otherwise the 
programs will not load or function properly. 

Follow the instructions on page 7 under the heading starting 
Up in order to load the Experiment 0 program disk. 

Next, using Worksheet 0-1: complete the exercises found on 
this - orksheet. The exercises appear as a series of problems to 
be solved. Tha problems appear in shaded boxes on the worksheet. 
If you can't solve the problem from the information given in the 
shaded box, read the instructions beneath the problem statement. 
The activities in Experiment 0 are designed to acquaint students 
and teachers alike with the Physical Science Laboratory. 

When you have finished Worksheet 0-1, go on to 0-2. 

Note: We strongly recommend that you complete all of the Activity 
worksheets for Experiment o before moving on to any of the other 
program disks. 

These activities are designed to familiarize you with the 
names and locations of places and things in the lab, as well as 
give you practice in using the equipment. 

When you are done or want to quit, follow the instructions 
under the heading Quitting, which you can find on page 8. 
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Test Introduction - Read 2Q>out It 

For a written description of the Physical Science Laboratory 
see the document titled Introduction To Experiment o: The Physical 
science Lal>oratory, which is part of the Activity Worksheet series. 
This document provides a complete introduction to the names and 
locations of the permanent features of the lab. This introduction 
can be found with the Activity worksheets accompanying the 
Experiment 0 program disk. 
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Part IV: suggested Instructional NetHodologies 



With Children In General 
Video Introduction 

Before showing the video Using A Mouse to a student, give them 
Activity Worksheet 0-1: Touring The Physical science Lab. They can 
check off the "Mouse Words" on the first page as they watch the 
video. 

Worksheet 0-1 also includes a picture of the lab. Before 
showing the video Touring The Lab give them their copy of Worksheet 
0-1. As they follow the video they can note the positions in the 
lab on the Worksheet picture. They won't have time to write the 
names in during the video presentation, but the initial association 
of place and name can be reinforced if the picture is in front of 
them. 

Pretesting For Basic Measurement skills 

Some of the experiments are designed to help children learn 
to make measurements of elapsed time, length, and temperature. In 
the real world environment making measurements usually involves 
reading the scales of the measurement instruments. To assess their 
skill at reading the scale of a ruler and a thermometer, try having 
them solve the problems on the following Worksheets before sitting 
down at the computer. 

Worksheet 4-3: Ruler With 1/10 Inch Scale Divisions 
Worksheet 5-5: Reading A Circular Thermometer 
Worksheet 6-6: Reading A Thermometer 



With Learning Disabled Children 

For learning disabled children who have not acquired the basic 
measurment skills, a one-to-one student teacher ratio works best 
with these materials. The teacher can direct questions at the 
student without having to worry about distractions caused by the 
presence of another student or students. once students have 
mastered the basic measurement skills, they can work in pairs to 
complete the activities; the presence of a teacher is optional, but 
often depends on the personalities and disabilities of the 
individual students. 
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Glossary 



Mouse Terminology 



Click 



To click, tap one of the buttons on the mouse once 
with your finger. Some nice have more than one 
button. Use the left button if your mouse has more 
than one. 



Click On 



Double Click 



To click on, move the mouse pointer to the desired 
screen location and click the mouse button once. 

To double click, tap one of the buttons twice in 
rapid succession. Except for operating system 
commands, double clicks are not required when using 
this software. 



Drag 



To drag an icon to another location on the computer 
screen, move your mouse pointer to the icon and 
press the mouse button- Move the mouse until the 
icon is repositioned on the screen. Release the 
mouse button. 



Gadget A location on the screen that is associated with a 

specific function. For example, clicking on the 
STOP gadget in the Physical Science Laboratory 
causes the clock to stop. 

Icon A representational figure on the computer screen 

that you can control with the mouse. 

Mouse A hand-held device with one or more buttons that 

you can roll around your desktop. As you move the 
mouse, a figure on the computer screen moves in a 
similar direction. 

House Pointer An arrow or other directional figure on the computer 

screen that moves in conjunction with the mouse. 



Press 



Release 



To press, hold the mouse button down until the 
desired task on the computer screen has been 
completed. 

When you release the mouse j^utton, you conclude a 
press operation. A very fast press and release is 
a click. 



Select/Choose click on a specified gadget. 
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Physioal Soienca Laljoratory Terminology 



Activity 
Worksheet 



Activity 

Worksheet 

Series 



Clock 



Clock Gadgets 



Clock 

Instriiment 

window 

Clock 

Speed-Contr o 1 
Clock Window 



CONTINUE Word 



A set of problems designed like a laboratory 
worksheet for use with a particular experiment. 
Experimental problems are posed and 3pace is 
provided to write out each answer. Instructions 
for operating the software and suggestions for 
solving the problems are included. 



The written materials accompanying the simulation 
software. For each disk this includes an 
Introduction to the experiment and a set of Activity 
Worksheets that pose experimental problems for the 
student . 

See Elapsed-Time clock. 

The colored rectangles appearing with the Clock icon 
in the Clock Window. Starting from the upper-left 
corner of the window and proceeding clockwise they 
are colored green, red, yellow and blue. They are 
know respectively as the START button, STOP Button, 
RESET Button, and MENU Button or Menu Gadget. 



See Clock Window. 



See Speed-Control. 

Instrument window number 4. The instrument window 
containing the Elapsed-time clock. 

One of the choices in the Menu Mode. Causes the 
next logical activity in the menu mode to occur: 
either clearing a Help Window from the screen or 
returning the user to normal operation of the 
Physical Science Laboratory. 
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Elapsed-Time 
Clock 



Pictorially this is the clock icon residing in the 
Clock Window in the upper-right corner of the 
computer screen. The hands on the clock icon do 
not move. Experimentally the clock is used to 
measure and control the advance of time during any 
experiment. The clock may be started, stopped and 
reset using the Clock Gadgets. Experimental 
activity takes place when the clock is running and 
is held in abeyance while the clock is stopped. 
The current value of the elapsed time is shown in 
the Value Bar of the clock window. The selected 
units are snown simultaneously in the clock Units 

B&ZT • 



Help Mode 



Help ffixtdow 



An operating mode in which an active menu is present 
in the Menu Bar. Selecting any location on the 
screen (except in the Menu Bar itself) will cause 
a Help Window to appear in the center of the screen. 
To exit the* Help Mode you must click on the CONTINUE 
Word twice. 

A Window containing text that is used to describe 
a feature of the Physical Scieiice Laboratory. Help 
Windows arr* normally accessed by clicking on a given 
object or vocation while in the Help Mode. The Help 
Window wi..l contain the name of the location or 
object that was last selected and a brief 
description of that location or object. The SPEAK 
Wor*!, wailable in the Menu Bar at this time, can 
be selected to cause the uomputer to voice the words 
appcsaring in the kelp Window. To access another 
Hfelp Window you must first click on tne CONVINDE 
Word in the Menu Bar. 



HELP Word 



Lab Bench 



One of the choices in the Menu Mode, clicking on 
the HELP Word causes the HELP word itself to appear 
in reverse video. This indicates that the program 
has entered the Help Mode. 

The area in the Physical Science Laboratory used tc 
display and perform the current experiment. 
Comprises most of the display area but does not 
include the Menu Bar, the Instrument Windows, or 
the Slide Bar. 
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Instrument 
Shelf 



Instrument 
window 



Menu 



Menu Bar 



Menu Gadget 



Menu Mode 



Next Gadget 



The upper half of an Instrument Window. Used 
primarily to store instruments and lab equipment. 
These may usually be dragged or moved to other 
locations in the lab for measurement purposes. 



A location in the Physical science Laboratory, 
always visible on the computer screen, used for 
storing measurement instruments , control instruments 
and equipment, and for displaying the numerical 
value and units of measurement associated with an 
instrument reading. Occasionally, purely 

descriptive information will appear in an instrument 
window. The window itself is made up of three 
parts: the Instrument shelf, the Value Bar, and the 
Units Bar. There are four instrument windows in the 
laboratory. The windows are located just below the 
menu bar at the top of the screen. 

A set of words located in the Menu Bar at the top 
of the computer screen. 

Approximately the top 1 centimeter of the computer 
screen that is visible when running the simulation 
software. Normally the title of the current 
experiment is displayed in the menu bar until the 
Menu Gadget is selected. 

The blue rectangle in the lower- left corner of the 
Clock Instrument shelf. Clicking on the Menu Gadget 
while operating the experiment c all 
experimental activity to cease and a Meni appear. 



MENU Button See Menu Gadget. 



An operating mode in which an active menu is present 
in the Menu Bar. Selecting one of the words in the 
menu bar will cause the corresponding activity to 
occur. The menu mode is attained by selecting the 
Menu Gadget. 

A white rectangle that may appear in any one of the 
first three Instrument Shelves. Used to rummage 
around on an instrument shelf for additional 
instruments or equipment that may be stored there. 
Clicking on the next gadget will cause the current 
instrument to disappear and the next one in line to 
appear. Continued clicking will allow the user to 
cycle through the available instruments or equipment 
stored on that shelf. 
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Program Disk 



QUIT Word 



RESTART Word 



RESET Button 



A 3 1/2 inch disk containing the computer program 
and graphic displays necessary for simulating a 
given experimental environment. 

One of the choices in the Menu Kode. Causes the 
simulation program to stop running and returns 
control to" t^e Apple II GS operating system. 

One of the choices in the Menu Mode. Causes the 
current simulation to start over from the very 
beginning. Same results as clicking on the disk 
icon for the experiment disk. 

The yellow Clock Gadget in the lower-right corner 
of the Clock Instrument Shelf. Clicking on the 
RESET button once has the same effect as clicking 
on the STOP Button, clicking on the RESET button 
a second time before the Clock is restarted causes 
the elapsed time on the clock to be set to zero. 
The experiment remains inactive until the clock is 
started. 



Slide Bar 



Provides the boundaries for movement of the Clock 
Speed Control. Appears as a narrow rectangle on 
the right-hand side of the computer screen below 
the Clock Instrument Window. 



SPEAK Word 



Speed-Con tro 1 



One of the choices in the Help Mode. Clicking on 
the SPEAK Word causes the text appearing in the 
current Help Window to be voiced by the computer. 

A device for controlling the rate at which time 
advances in the Physical Science Laboratory relative 
to a real-time clock. The speed-control is used to 
speed time up, where possible, and to slow it down, 
when necessary. it appears as a small, white 
rectangle in the slide Bar. Dragging it up, speeds 
up time; dragging it down, slows time down. The 
factor by whi-h time is affected may be read in the 
Clock Value Bar while adjusting the position of the 
speed-control. Note that adjustments by the user 
can only be made while the clock is stopped. While 
the clock is running, the speed-control factor may 
be seen momentarily by clicking on the speed- 
control itself. The amount of adjustment possible 
depends on the experiment. If an experiment can 
only run more slowly than real-time, the speed- 
control will adjust its position automatically to 
indicate the factor at which the experiment is 
running. 
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START Button The green Clock Gadget in the upper-left corner of 

the Clock Window. Clicking on the START button 
starts the Elapsed-Tiae Clock and experimental 
activity at the same time. 



STOP Button 



system Disk 



Teacher's 
Manual 



Thermometer 
Instrument 



The red clock Gadget in the upper-right corner of 
the Clock window, clicking on the STOP button stops 
the Elapsed-Time Clock and experimental activity at 
the same time. 

The disk containing the Apple II GS operating 
system. You must use this operating system when 
rixnning the science simulations. 



A guide to the simulation software. Contains 
sections describing the development philosophy, 
mechanics of operation, documentation and support 
material, suggested instructional methodologies, 
two glossaries - one for mouse terminology, and one 
for the Physical Science Laboratory terminology - 
and an appendix on preparing instructional videos. 



One of a number of measurement instruments. This 
one is designed to measure the temperature of places 
or objects in the Physical Science Laboratory by 
dragging the thermometer icon to the desired 
location and releas:.ng it at that point. The 
temperature will be monitored as long as the 
thermometer icon is on the Lab Bench. The value of 
the temperature may be read in the Value Bar of the 
Instrument window from which the thermometer was 
obtained. The units of temperature will appear in 
the associated units Bar. The numerical reading 
will be voiced by the computer whenever the 
thermometer is moved to a new location and the value 
bar is not in its hidden state. The numerical value 
will also be voiced by the computer whenever the 
user clicks on the value bar and causes the 
numerical value to reappear from its hidden state. 
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Units Bar The bottom section of an instrument Window. 

Normally used to display the units of measurement 
associated with the numerical value that is being 
displayed in the Value Bar. Clicking on the units 
bar causes the unit of measurement to change to some 
other unit. Continued clicking will allow the user 
to cycle through the available units of measurement. 
The value in the Value Bar will change automatically 
to correspond with the current unit of measurement. 
The value bar may also be used to display 
descriptive information about equipment appearing 
in that window. 

Value Bar The middle section of an Instrument window. 

Normally used to display the numerical value 
associated with a measurement or control instrument 
that is active in that window. Active instruments 
are those that have been obtained from the 
Instrument Shelf of that window and are currently 
visible. Clicking on the value bar will cause the 
nimerical information displayed there to be hidden 
from view. Clicking again will cause it to 
reappear. Whenever the value bar is in its hidden 
state, voice synthesis of the numerical value will 
be suppressed. The value bar may also be used to 
display descriptive information about equipment 
appearing in that window. 

Window A rectangular area appearing at some location on 

the computer screen. Normally its perimeter is 
drawn in a color that contrasts with the background 
color of the screen. The interior of the window is 
usfcd to display text or graphics, windows may be 
a permanent or temporary feature of the experiments. 
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Experiment O: The Physical Science Laboratory 
Figure 1: Permanent Features 



Objectives 

This environment is designed to point out the important 
features of the Physical Science Laboratory that will be common to 
many of the experiments in this series. The names of the various 
locations in the laboratory are introduced. Descriptions of the 
permanent fixtures are given. 
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Features 



General Description: 

The Physical science Laboratory enables the student or teacher 
to perforin physical science experiments in a simulated experimental 
environment. The experiments take place on the computer screen. 
All the equipment and measurement instruments are part of the 
simulation; no external devices are necessary. 

The laboratory, as it appears on the computer screen, is 
divided into several ienportant locations including the lab bench, 
the instrument windows, the menu bar, and the slide bar for the 
clock speed-control. Each instrument window is further subdivided 
into an instrument shelf, a value bar, and a units bar. 

The elapsed-time clock is a permanent fixture of the 
laboratory as well as its associated clock speed-control. A next 
gadget sometimes appears to enable the experimenter to search an 
instrument shelf for other instruments or equipment. 

Experiments take place on the lab bench. Depending on the 
experiment, various pieces of equipment appear as needed on the lab 
bench. Other equipment and measurement instruments can be obtained 
from the instrument shelves. 

The scene depicted on the lab bench also varies for different 
experiments. it can appear as a table top (thus the "lab bench" 
designation) in one experiment, or a mountainous, outdoor vista in 
another . 

Using only the mouse as an input device, experimental objects 
are manipulated, time is controlled, and measurements are taken. 
The numerical values of the measurements appear in the value bars 
of the various instrument windows as the measurement process is 
taking place. The data generated from these simulations can be 
recorded and analyzed in the same fashion as data from any real- 
world experiment. 
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Experiment 0: The Physical Science Laboratory 
Figure 2: The Lab Bench 



The lab bench occupies the lower and major portion of the 
Physical Science Laboratory. All experimental activity takes place 
on the lab bencn. This activity may include controlling or moving 
equipment that is located there. It may also involve bringing 
instruments to the lab bench, such as thermometers and rulers, in 
order to do measurements. 
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instrument reading. Occasionally, purely aescrxp 
will appear in an instrument window, 

instrument Window Nu>»ber ^^^/P--/,-- 
portion of the screen, as shown in Figure 3^^n^^^ through 4, 

instrument windows m the . 1^^°"^°^ i^'^'^hree sections. The 
respectively. Jl^^^''^^t^Ji^:^tL:if° the „,iddle section is 
^SLras\°he^\xue h.^r''a'nd the bottom section is called the u„xt3 



bar. 
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INSTRUMENT SHELF 



in WINDOW 1 



Look here for 
instruments, 
controls, and 
equipment . 




Experiment 0: The Piiysical Science Laboratory 
Figure 4: Instrument Sbelf In Window Number i 

The instriiment sbelf is used to store instruments and 
equipment. A measurement instrument can be removed from the shelf 
by dragging it with the mouse to the lab bench. A control 
instrument, such as an oven thermostat, may remain on the shelf and 
be used to control a piece of equipment, such as an oven that is 
sitting on the lab bench. Other equipment that may prove useful 
during experiments - pencils, erasers, hourglass timers, etc. - can 
also be found on the instrument shelves. 

Each instrument window interacts with the instruments that are 
stored on the instrument shelf of that window. When an instrument 
is visible and actively measuring experimental data, the numerical 
value associated with that measurement appears in the value bar of 
that instrument window, and the units of that measurement appear 
in the units bar. 



o 

ERIC 




Experinont 0: Tho Physical Science La^ratory 
Figure 5s Value Bar In Window Number 1 



The primary use of the value bar is to display the numerical 
value associated with the measurement instrument that is currently 
active in that window. There may be several instruments or pieces 
of equipment associated with a window, but only one may be active 
at a time. The active instrument is the one that is visible and 
is residing on the shelf, or is visible and has been moved to a 
location on the lab bench. 

Another use of the value bar is to display information 
associated with a piece of equiy-ment that is currently active in 
that window. The exact nature of the display depends on the item 
in question. 

Clicking on the value bar causes the number to disappear 
behind a white bar if the value is currently displayed; clicking 
when the number is obscured will cause it to reappear. 
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in UINDOW 1 



The units of 
measure Csuch as 
inches or secondsXl 
or a description 
of the quantity in 
the VALUE BAR. 
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Experiaont Os The Physical science Laboratory 
Figure 6: Units Bar In Window Number 1 



The primary use of the units bar is to display information 
associated with the units of measurement of the number appearing 
in the value bar. For example, the units bar may display the term 
inches, or the abbreviation cm, if the ruler instrument is in use. 

Clicking on a units bar will cause the unit of measurement 
displayed there to change to some other unit of measure. The 
associated numerical value in the value bar will change at the same 
time. For example, if the unit of measure displayed in the value 
bar is inches, clicking on the units bar may change the display to 
cm. If the value bar originally showed 1.00, it would change to 
2.54. Continual clicking on the units bar will allow the user to 
cycle through the available units. 

The units bar may also be used to display purely descriptive 
information at various times. 




(1 



INSTRUMENT WINDOW 



Number 2 



Includes: I 
INSTRUMENT SHELF I 

VALUE BQR THL' PHVSim SCI^ 
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I HSTRUMENT W I HDOW 



Number 3 



Includes: 
IHSTRUMEHT SHELF 
VALUE BAR 
UNITS BRR 



Expariaent 0: The Physical Science La2>oratory 
Figure 7: Instrument window Numbers 2 And 3 



Instrument windows numbers 2 and 3 have the same 
characteristics as instrument window number 1. The different 
windows are sometimes referred to by their numbers, but are often 
named by the instrument that is active in a particular window. For 
example, if the thermometer instrument is visible in window 3, that 
window may be referred to as the thermometer instrument window or 
the thermometer window. The value bar in that same window would 
be called the thermometer value bar. Similarly the units bar would 
be called the units bar for the thermometer. 
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Expsrlmant 3: Tbe Fliysioal scianoa laboratory 
rigura 8: Ezaa^la Of \ Mast Gadgat 



Occasionally an instrument window or the lab bench will 
contain a next gadgat. Next gadgets are displayed as small white 
rectangles. Next gadgets are used to indicate that other 
instinaments or equipment are residing at the same location, but are 
not visible. clicking on the next gadget . will pause the "next" 
item at that location to become visible, rieplacing the item that 
was currently visible, or filling the void .4 r. nothing was there. 
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Click here to see 
the next object 
on the 

INSTRUMENT SHELF. 



Experiaant 0: Tha Physical Soienca l«aboratory 
Figure 8: Example Of A Next Gadget 



Occasionally an instrument window or the lab bench will 
contain a next gadget. Next gadgets are displayed as small white 
rectangles. Next gadgets are used to indicate that other 
instruments or equipment are residing at the same location, but are 
not visible. Clicking on the next gadget will cause the "next" 
item at that locetion to become visible, replacing the item that 
was currently visible, or filling the void if nothing was there. 
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Expaxinent 0: Tha Physical Soioaee Laboratory 
Figura 9: iBstnu&ant window Numlser 4 



The fourth instrument window is also known as the clock 
instrument window. Like the first three instrument windows, it is 
comprised of a shelf, a value bar, and a units har. Sitting on the 
shelf is the measiirement instrument known as the ©lapsed-time 
clock. The elapsed time clock, or simply - the clock - is a 
permanent fixture of the Physical Science Laboratory. Surrounding 
the clock are four clock gadgets. These are used to control the 
clock functions of starting, stopping and resetting the clock, as 
well as getting help or quitting the present experiment. 

The hands of the clock icon do not move. Instead, the elapsed 
time appears as a digital value in the value bar. The units of 
time are normally minutes and seconds, abbreviated mmrss. Other 
units are available, such as seconds and tenths of seconds, ss.t, 
and hours and minutes, hh:mm. 
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Bxpariaent os Tlie PHysical Selance Laboratory 
Figure 10: The Elapsed-Ti»e clock start Button 

The qreen gadget in the upper left-hand corner of the clock 
shelf il called^ the start button. Clicking, on the start button 
will start the clock. The clock functions like a stop "^tch with 
one important difference. Experimental activity is controlled by 
III oioeX. Whenever the clock is stopped, all experimental 
activity ceases, i.e., time does not advance for the simulated 
IveS on the lib bench. Whenever the ^^^f . ^.^f^^^^,^,^^^^^^^^ 
advances and the simulated event proceeds. Clicking on the start 
button while time is advancing has no effect. 

It is important to note that the function of starting or 
stopping the clock is performed only when the mouse ^^tton is 
released, not when it is first depressed. Do not hold the button 
down for any longer than necessary. Click quickly. 
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Ezporiaaxit OS The Physical Scienca Laboratory 
Figura ii: The Elapsed-Tiae Cloclc stop Button 



^ ^J^^^ gadget in the upper right-hand corner of the clock 

shelf IS called the stop button. Clicking on the stop button will 
stop the clock. All experimental activity ceases when the clock 
is stopped. Time does not advance. Stopping the clock during an 
experiment freezes the system in its current state. It is still 
possible, however, to take measurements and read the results for 
that moment in time. 

Some experimental parameters can be changed while the clock 
IS stopped. These will not take effect until the clock is 
restarted. For example, experimental objects that are influenced 
by gravitational force can be positioned in space while the clock 
IS stopped, and will not move until the clock is started. 
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Ezporinont 0: TUo Physical Soienoa Laboratory 
Flgura 12: The Elapsed-Tiao Clock Reset Button 



The yellow gadget in the lower right-hand corner of the clock 
shelf is known as the reset button. Clicking once on the reset 
button causes the clock to stop and the message reset? to appear 
in the clock units bar. Clicking once again on the reset button 
causes the clock, itself, to reset to the zero state. Time in the 
value bar will return to 00:00 if the units are minutes and 
seconds . 

Experimental activity ceases when the reset button is clicked 
on for the first time. The system behaves as if the stop button 
were pressed. Clicking on the start button will cancel the reset 
request and start the clock and experiment from where they left 
off. 
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MENU BUTTON 



Click here to 
cause the 
MENU to appear 
in the 
MENU BAR 




Exp«ri2Bont 0: Tlio Physical Soianca Laboratory 
Figure 13: The Elapsed-Time Clock Menu Button 

The blue gadget in the lower left-hand corner of the clock 
shelf is called the menu button or menu gadget. Clicking on the 
menu gadget will cause a menu to appear near the top line of the 
computer screen. Clicking on the menu gadget has the same effect 
on the experiment as clicking on the stop button. 
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HELP CONTIKUE RESTART QUIT 




Eaipariinazit 0: The Fbysical Scisnea X<aboratcry 
Figure 14: Tlia Xenu Bar 



The menu bar is the text line that appears at the top of the 
computer screen. Normally, the title of the current experiment 
appears in the menu bar. Clicking on the menu button in the clock 
shelf causes a menu to be displayed in the menu bar. 

Four options are available by clicking on the appropriate word 
in the menu bar. Clicking on the word HELP will highlight the word 
HELP, itself. Now the user may point and click to locations on the 
screen to see and hear help messages associated with those 
locations. Clicking on the word CONTINUE returns the laboratory 
to its current state with the clock stopped. Clicking on the word 
RESTART will restart the experiment from scratch. And clicking on 
the word QUIT will return the user to the operating system. 
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SPEED-CONTROL 



for the CLOCK 



Drag up to 
increase CLOCK 
speed. 



Drag down to 
decrease Clock 
speed. 



Ezparlmant 0: Tlis Physical Soisnce Laboratory 
Figure 15: The Speed-Control For The Clock 

On the right-hand side of the screen is a long, vertically- 
oriented rectangle that provides the boundaries for a smaller, 
white rectangle called the speed-control for the clock. The rate 
at which tine advances relative to a real-world clock is controlled 
by the position of the clock speed-control. 

When the elapsed-time clock is stopped, dragging it upwards 
causes time in the Physical Science Laboratory to advance more 
quickly; dragging it downwards causes time to advance more slowly. 
The relative speed of the cJock can be read in the clock value bar 
while changing the position of the clock speed-control. During 
the change the word "speed" appears in the clock units bar. 

When the elapsed-time clock is running, the relative speed of 
the clock can be seen momentarily by clicking on the clock speed- 
control . 
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Ezperifflttiit o: Tba Phyaieal Soienea Laboratory 
Figure itf: The Slide Bar For The Clock Speed-Control 



The slide bar for the clock speed-control is the long, 
vertically-oriented rectangle on the right-hand side cf the 
computer screen. The slide bar provides the boundaries for the 
clock speed-::ontrol while the speed control is being repositioned. 

As mentioned elsewhere, the speed-control can be repositioned 
by the user when the clock is stopped. It can also be repositioned 
by the simulation program! When the clock is running, and 
simulated events are taking longer to run on the computer than the 
desired relative speed - as previously set by positioning the speed 
control - the simulation program will mova the speed control 
downwards to indicate the actual relative speed at which events are 
being displayed. 
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Mora About The Elapsed-Time clock: Tacbnical Motes 

The elapsed-tiae clock in the Physical Science Laboratory is 
designed to miiaic the behavior of a a real-world clock. More 
importantly, however, it is designed to keep track of time as it 
advances during a given simulation. 

It is quite possible to require more time to compute and 
display the events taking place on the computer screen, than it 
would actually take for the events to occur in real time. In this 
case, the simulation time - as displayed by the elapsed-time clock 
- will fall behind real time. When this happens, events occurring 
on the computer screen will appear to be moving more slowly than 
they would in the real world. However, because the clock and 
events move together in the Physical Science Laboratory, 
measurements will still show the same time-dependent behavor as the 
real-world measurements they are attempting to duplicate. As 
computer hardware and coTnputational algorithms get faster, real- 
time simulation of complex events will get closer to reality. 

When the simulation program can display results and compute 
its next state faster than real-time events, it waits until real 
time can catch up before it continues its cycle. If simulation 
time falls behind real time, the simulation program trys to catch 
up by running as fast as it possibly can. Events such as voicing 
measurements while the clock is running tend to slow down the 
simulation. As simulation time falls behind, the program computes 
how fast the the elapsed-time clock is running relative to real 
time and displays the results by repositioning the clock speed 
control. 

Suggestion: if simulation time falls behind, and you want to 
keep as close to a real-time display as possible, you can speed 
things up by displaying time in hours and minutes, and by turning 
off any changing value displays by clicking on the value bars, if 
possible, remove unnecessary instruments from the lab bench that 
are doing continuous monitoring. 
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Eacperiment 0: Ibe Physical sciance Laboratory 
Figure 17: An Example - The Thenaometer instrument 



The thermometer instrument enables the user to measure 
temperatures on the lab bench. The thermometer instrument, as 
depicted, is merely an icon, it is not meant to look realistic, 
but merely resemble a thermometer. As drawn, the thermometer 
instrument neasures the temperature of objects and locations 
directly unaer its bulb - the lower, rounded end. 

The thermometer instrument used in the laboratory experiments 
IS truly remarkable: it will not break if you drop it; it is always 
accurate; it is unaffected by extreme heat and pressure; it 
measures temperatures instantaneously; and its range is from 
absolute zero to the highest temperatures known to mankind. Of 
course, real thermometers have real limitations and these will be 
discovered as we pursue the experiments in this series. 

To use the thermometer drag it from its location on the shelf 
and release it over the object or location on the lab bench that 
needs to be measured. While located on the lab bench the 
thermometer will continuously monitor the temperature and display 
the value in the value bar of the thermometer instrument window. 

The units of measure are normally Celsius or Fahrenheit 
degrees. The current units are displayed in the units bar and can 
be changed by clicking on the units bar, itself. 

The Physical Science Laboratory proper is maintained by its 
owners at a comfortable 68 degrees Fahrenheit (20 degrees Celsius) 
Thermometers residing on the instrument shelf or the unadorned lab 
bench will measure this temperature. The degree of precision to 
which the thermometer displays a measurement is somewhat dependent 
on the experiment. In the early experiments temperature is usually 
rounded to the nearest degree. 
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Ezperlaent 0: The Physical Science Laboratory 
Figure 18: Another Exafflple - The Ruler Instrument 



The ruler instrument enables the user to measure length 
directly on the lab bench. The ruler instrument, as depicted, is 
merely an icon. It is not intended to look realistic, that is, its 
scale is representational only. 

The ruler instrument works by having the simulation program 
note the ruler's initial position and final position as specified 
by the user, and then take the difference between these two points. 
Since the motion is strictly translational, all points on the ruler 
move the same distance. 

The designers of this instrument have selected the upper- left 
corner of thi,« icon as a reference point from which to draw a line 
indicating the distance between the initial and final positions. 
The length of this line is always equal to the distance between 
these two points. The first-time user will probably want to use 
the upper-left corner when doing measurements, but should not feel 
constrained to use only this location. 

To use the ruler: drag it to its starting location; release 
it to mark the initial position; move it to its final position, and 
click the mouse to mark the final position. The distance will be 
displayed in the value bar and the units in the units bar. The 
units can be changed to a variety of measures by clicking on the 
units bar. The distance measured will most often depend on the 
experiment. In some cases it may be no longer than the actual 
computer screen dimensions; in others, it may be orders of 
magnitude larger. 

Return the ruler to its shelf location by dragging it there. 
It will only go on the shelf from whence it came. 
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Worksheet 0-1: 


Touring Tbe Physical Science Lab 


Name: 


Date: 


Teacher : 


Class: 


Score : 





What You Should Already Know 

If you are going to be using a mouse for the first time, we suggest 
that you watch the video called Using A Mouse that comes with the 
Teacher's Manual. Another video, Touring The Lab, is available to 
introduce you to the basic features of the Physical Scie.ice 
Laboratory. We urge you to watch both of these videos before you 
begin this experiment. 

You should know the meaning of certain words that are used to 
describe what to do with the mouse, as you work in the Physical 
Science Laboratory. Ch«ck off the words for which you know the 
meaning. Look up the definitions of the words that you don't know 
in the Glossary on page 4 of this Activity Worksheet. 



Mouse Press 

Mouse Pointer Release 

Icon Drag 

click Gadget 

Click On Select 

Double Click Choose 
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Problem 1 - Getting To Knov The Physical Soiance Laboratory 

Hake yourself at home in the laboratory by finding out exactly 
where things are and what they are called. Follow the 
instructions below to learn the names of the places in the lab. 
As you learn the names, write them on the picture of the lab 
that you will find on page 5 of this Activity Worksheet. 



« 

iBstnictions For Problem l 

1) Have your teacher help you get started with loading and 
running the disk called "Experiment O". 

2) When the picture of the Physical Science Laboratory appears 
on the computer screen, move the mouse pointer over the blue 
rectangle. click on the blue rectangle. Four words will 
appear at the top of the computer screen: HELP CONTINUE 
RESTART QUIT. Taken as a group, these words are called a 
menu and appear in the menu bar. 

3) Click on the word HELP in the menu bar. The word HELP will 
change colors when you click on it. This shows that you are 
in the HELP mode. A help window will pop up in the middle of 
the screen. 

4) Select (click on) the CONTINUE word in the menu bar. The help 
window will disappear. Note: Whenever a help window is on the 
screen you must select the CONTINUE word before the program 
will respond to your next command. 

5) Move the mouse pointer to the middle of the computer screen 
and click the mouse. Another help window will appear in the 
middle of the computer screen. At the top of the help window 
you will find the name of the place or object on which you 
just clicked. Write the name of this place on the picture of 
the lab that yea will find on page 5 of this Worksheet. 

6) Select the CONTINUE word again. click on another place or 
thing in the Physical Science Laboratory, write the name of 
the new place or thing on the picture of the lab. Continue 
to click until you have written down the names aces and things 
that you can find in the lab. Don't forget to select the 
CONTINUE word before you try to click on something new. 

When you want to stop getting help, select the CONTINUE word twice. 
The menu bar will change to the words "THE PHYSICAL SCIENCE 
LABORATORY" and you can operate things in the lab normally again. 
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Problem 2 - Eow to Quit 



Quit doing this experiaent altogether and use the 
computer for something else. 



Instructions For Problem 2 



Click on the blue rectangle. You may know it now as the menu 
gadget. The menu will appear again at the top of the screen. 
Click on the word QUIT. The Physical Science Laboratory will 
disappear and you will be brought back to your operating system. 
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MOTE: Please read froa top to bottoa 



House An instnanent that you hold in your hand and roll 

around on your desk top. it may have one or more 
buttons on top and is connected to yoiu: computer by 
a wire. Signals are sent to yoior computer from the 
mouse by pressing one of the buttons. When you move 
the mouse you can make a small picture on the 
computer screen move at the same time. 

Mouse Pointer An arrow or other pointy picture that moves across 

the computer screen when you move the mouse. 



Icon 



Click 



Click On 



Double Click 



Press 



Release 



Drag 



Gadget 

Select 
Choose 



A small picture on the computer screen that looks 
like something you know. Sometimes you can make it 
move by using the mouse. 

(A mouse button) Tap one of the buttons - usually 
the button on the left if there are more than one - 
with your finger and make it go "click." 

(Something on the computer screen) Move the pointy 
end of the mouse pointer over the place or thing on 
the computer screen and click. 

(A mouse button) Two quick clicks. Not used during 
these experiments except to start the program. 

(A mouse button) Push the mouse button down and 
hold it there- Don't let up until told. 

(A mouse button) Stop pressing on the mouse button. 
Release is the opposite of press. 

(An icon) Move the mouse pointer over the icon. 
Press. While still pressing move the mouse and the 
icon to the place on the computer screen where you 
want it to go. Release. 

A place on the screen that if you click on it 
something will happen. Gadgets are often small 
squares or rectangles. 

Click on a gadget or some other object. 
Same as ^ielect. 
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INSTRDCTIONS: 

Please write in the names of the places and things you can identify 
in the Physical Science Laboratory. Use the white space around the 
picture when the names will not fit in the picture. 



% .1 
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WorJcsheot 0-2: Using Tba instrumants 



1 Name : 


Date: 




Teacher: 




Score: 







Problem X - Using The Next Gadget 

Use the next gadget to discover how many and what kind of 
instriiments are currently on the instrument shelf in the second 
instrument window, write the names of the instruments in the 
answer box below. 



Answer 1 



Instructions For Problem 1 

The next gadget is the small white rectangle that appears in the 
second instrument window near the top of the computer screen. 
Click on the next gadget to cause the "next" instrument on the 
instrument shelf to appear. Keep clicking until you have seen all 
the instriiments that have been placed on this shelf for this 
experiment. 



Problem 2 - using The Thermometer instrument 

Use the thermometer instrument to determine the temperature of 
the lab bench. Record your findings in the answer box below. 
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Answer 2 



Instructions For Froble& 2 

Click on the next gadget until the thermometer icon appears on the 
instrument shelf. Drag the. thermometer instrument to the lab bench 
and release it there. (Note: To drag the thermometer -move the 
pointer over the thermometer, press the mouse button down and hold 
it down while moving the mouse, release the mouse button when the 
thermometer is located where you want it.) 

When you release the thermometer the computer will speak the 
current temperature and the numeric value of the temperature will 
appear in the value bar. However, if the number in the value bar 
is hidden, the voice will remain silent, click once on the value 
bar to get the number to reappear and the computer to speak. Click 
on the value bar again to hide the number and silence the computer. 



Problem 3 • Changing The units Of Measurement 

Determine the temperature of the lab bench in degrees Celsius 
as well as degrees Fahrenheit. Write your answer in the answer, 
box below. 



Answer 3 



Instructions For problem 3 

Click on the units bar in the thermometer instrument window. 
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Worksheet 0-3: Using other Instrxuaents 



Name : Date : _ 

Teacher : 

Class: Score; 



Problem l: using The Ruler Instrument 

There are four steps to making a measurement with the ruler 
instrument. You can try to figure them out yourself, or read 
them in the instructions below. 



Instructions For Problem i 

1) Click the next gadget until the ruler appears on the 
instrument shelf. The value bar should read 0. Drag the 
ruler to the lab bench being careful not to release the mouse 
button. 

Note: If you accidentally release the button while you are 
dragging it# simply click the mouse button once and then you 
will be able to drag the ruler instrument again. 

2) Drag the ruler to the left side of the lab bench - that's the 
side nearest instrument window number 1. Now you are ready 
to begin a measurement. 

3) Release the button and move the ruler across the lab bench - 
toward your right. 

Notice the straight line that is drawn on the lab bench as you 
move the ruler. one end of the line is fixed at the point 
where you started your measurement. The other end extends 
from the upper-left corner of your ruler. 

The length of this line is always equal to the length of your 
measurement. This length can be read i.n the value bar of the 
ruler instrument window as you move the ruler. 
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4) To finish making a measurement simply click the mouse button 
once. The ruler will no longer move and the pointer will 
reappear on the screen. 

You can now move the pointer wherever you want. To put the ruler 
back on the shelf you can either drag it there or click on the next 
gadget. Try using the ruler until you feel comfortable with the 
way it works. 

Remember these four easy steps: 

1) Drag the ruler to the starting point. 

2} Release the mouse button to start the measuremc^nt. 

3) Move the ruler to the stopping point. 

4) Click the mouse button to end the measurment. 



Problem 2s changing the units of length 

What are the different units of length that you can use for 
the ruler instrument? Make a simple length measurement on the 
lab bench. Find the length for each of the units that you 
wrote down. 



lUiswer 2 



Instructions For problem 2 

Clicking on the units bar in the ruler instrument window will 
change the units of measure for the ruler, and also give the 
corresponding length for that unit in the value bar. 
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introduction to Experiment 1 
Finding Elapsed Time 




Experimeat l: Blapsad Tlno 
Large Clock And i Minute Tiaer At The start 



Objectives 

This environment is designed to help students learn how to 
use the elapsed-time clock in the Physical Science Laboratory. In 
addition, it can help students learn to read the time associated 
with the positions of the hands on the face of the elapsed-time 
clock. 
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Features 



A larga clock: 

This environaent features a large clock on the lab bench. 
The clock can be started, stopped and reset by clicking on one of 
the appropriate gadgets surrounding the large clock, or by clicking 
on one of the oloek gadgets in the olook instrument vindov. 

The units of time being displayed in the clock value bar can 
be changed by clicking on the units bar of the clock instrument 
window. Possible units include hours and minutes (abbreviated 
hh:nm) , minutes and seconds (abbreviated mm:ss) , seconds and tenths 
of seconds (abbreviated ss.t). When different units are selected 
the hands on the large clock will change to display the units 
selected. The large clock has three different sets of hands, one 
set displays hours and minutes; another set displays minutes and 
seconds, and a third set displays just seconds. 

If you click on the clock value bar when the time is hidden, 
the computer will speak the time as the value reappears. If the 
value is being displayed, click on the value bar twice in order to 
hear the voice. The elapsed time will be given in the units 
displayed in the clock units bar. 



Sand-in-glass timers: 

If the clock is reset to its zero state, a next gadget appears 
m the second instriiment window. By clicking on the next gadget, 
when the hour-glass icon appears in the window, it is possible to 
select one of three different sand-in-glass timers for keeping 
track of time. A minute, second, and hour timer are available. A 
fourth click on the same next gadget will leave the lab bench free 
of timers. The cycle may be repeated as often as desired. Once 
the clock has been started, however, the next gadget disappears and 
no further selections are possible until the clock is reset. 



Worksheet l-i: Caing The Elapsed-Tlme clock 



Name: Date: 

Teacher : 

Class: Score: 



Problem i - Measuring Tiae 

Put the 1 ainuta Tiaar on the lab bench. Use the clock to 
measure how long it takes the sand in the Timer to fall from 
the top to the bottom. Write your measurement in the box 
below. 



Answer l 



Instructions For Problem i 

The clock in the Physical Science Laboratory can be used to measure 
how long it takes something to happen. For this reason it is called 
an elapsed-time clock. It acts just like a stop watch: you can 
start it, stop it, and reset it to zero. 

You will find some timers on the shelf in instrument window 2. 
Clicking on the next gadget will let you select the one you want. 
Start the clock: use the START button on the lab bench or the start 
button in the clock window. Stop the clock when all the sand has 
fallen to the bottom: use the STOP button on the lab bench or in 
the clock window. 

You may have noticed that the sand began falling as soon as you 
started the clock. That's because the elapsed-time clock in this 
laboratory is special; it actually controls time. With it you can 
stop time and start it up again whenever you want. 
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Froblasi 2 - stopping Tiaal 

Make sure that the x minute Timer j.s on the lab bench. Use 
the elapsed-time clock to start and stop the flow of time in 
the Physical Science Laboratory. How can you tell that time 
has stopped and not just the clock? 



Answer 2 



Instructions For Problem 2 

Reset the clock to 00:00; you do this by clicking on the RESET 
button twice. Make sure that the l minute Timer is on the lab 
bench. START the clock. After 20 seconds ave gone by (elapsed), 
STOP the clock. Once the clock has stopped, observe what is or is 
not happening in the lab. 



Problem 3 - Telling Time 

Get the clock to tell you how much time has elapsed, 
actually speak the time in a slightly accented voice, 
how you got the clock to tell. 



It will 
Explain 



Answer 3 



Instructions For Problem 3 

Stop the clock. You can nee how much time has gone by since you 
first started the clock by reading the minutes and seconds from 
the value bar of the clock, or by looking at the hands on the large 
clock. Now click on the value bar of the clock: the number will 
disappear. Click on the value bar of the clock again. 

2 of 2 
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Worksheet x-2: Making Tiae Go Faster or Slower 




Name: 



Teacher : 



Class: 



Score : 



Date: 



Problem i - MaXlag Tims Go Faster 

Normally, it takes exactly 1 minute for the sand in a 1 minute 
timer to flow from the top to the bottom. Make the sand in the 
1 minute Timer in the Physical science Laboratory flow faster 
so that it takes less than 1 minute for the sand to move from 
top to bottom. If you can do it, how do you know that it is 
taking less than a full minute? 



Answer 1 



Instructions For Problem l 

Click on the RESET button until the next gadget appears in one of 
the instiniment windows. Click on the next gadget until the 1 
minute Timer appears on the lab bench. Ordinarily, it would take 
one minute for the sand to empty out of the top of the Timer once 
you started the elapsed-time clock. Before starting the clock, 
however, drag the clock speed-control as high as you can in the 
slide bar. (Note: The clock speed control is the small white 
rectangle on the right-hand side of the laboratory.) Start the 
elapsed-time clock. 



1 of 3 



o 

ERIC 



1 



Problea 2 - Making Tine 60 Mors Slowly 

Place the 1 second Timer on the lab bench. Make the sand flow 
to the bottom in more than l second. How do you know that it 
is taking more than 1 second for this to happen? can you tell 
how long it actually takes? 



Answer 2 



instructions For Problem 2 

Click on the RESET button to display the next gadget in one of the 
instrument windows, click on the next gadget until the l second 
Timer appears. Slide the clock speed-control all the way to the 
bottom of the slide bar. start the elapsed time clock. 



Problem 3 - Counting Out A Minute 

Without watching the seconds tick off on a clock, start at the 
number 1 amd count (l, 2, 3...) until exactly l minute goes by. 
What number did you reach when the minute was up? Do it u 
second time. What number did you reach on the second try? How 
different are the two numbers? Do you think that you have some 
sort of a clock inside your body? 



Answer 3 
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Instructions For Problem 3 



You can use the elapsed-time clock for this experiment. Move the 
speed'Control to the normal postion (it should completely cover the 
black rectangle) . Click on the clock RESET button until the next 
gadget appears. Click on the next gadget until there are no timers 
on the lab bench. Set the clock units to hours and minutes (hh:min) 
by clicking on the clock units bar. start the clock and start 
counting, when the time changes from 00:00 to 00:01 in the value 
bar stop counting, write down the number you reach. 
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Worlcsheot 1-3 s Tins sense 



The activities on this worksheet were suggested by the 
autobiography of Richard Feynman, physicist (l) . 



Name: Date: 




Teacher : 

Class: Score: 



Problem is Speeding Hp Your Intamal Clock? 

Does your sense of time change when your body is moving faster? 
Try counting until 1 minute goes by while you are walking 
quickly in place (While standing, lift your legs up and down, 
but don't actually walk forward) . write down the number you 
reach. Do it a second time. Record the number. 



Answer X 



Instructions For Problem i 

Use the elapsed-time clock to keep track of time. Make sure the 
clock is running at normal speed. Put the clock in the hours and 
minutes mode so that you can't see the seconds tick by. 



Problem 2: slowing Down Your Internal Clock 

Does your sense of time change when your body is moving more 
slowly? Try counting until 1 minute goes by while you are 
resting comfortably in a chair or on the floor. Have someone 
tell you when a minute is up if necessary. write down the 
number you reach. Do it again. Write down the second number. 



1 of 2 



Answer 2 



Instructions For Froblsai 2 

Follow the instructions for Problem 1. 



^oblem 3 s C9mparing Tba Rssulta 

Find the average of the two sets of niaiabers. 
different? How much different? 



Are they 



lUiswer 3 



instructions For Problem 3 

To find the average of two numbers add them up and divide by 2. 

For example, suppose the two numbers were 87 and 92. First add 87 
and 92. 

87 + 92 = 179 
Then divide 179 by 2. 
179 



89.5 



The average is 89.5. 

compute the averages for Problem 1 and Problem 2. Then compare the 
two averages, which is bigger or are they about the same? 

1. For more information see "What Do Xosj Care What other People 
Think? - Further Adventures Of A Curious Character", by Richard P. 
Feynam, as told to Ralph Leighton, pp. 55-59, Norton, 1988. 
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Introduction to Experiment 2: 
Finding Length and Width 



BxpariaeBt 2s Finding Length And Width 
Starting Screen, Ruler With 1/8 Inch Divisions 



Objectives 

This environment is designed to help students learn how to 
read the scales associated with a ruler, as well as learn how to 
use the ruler instrument of the Physical Science Laboratory. 
Several different scales are available that show units of inches 
millimeters, or centimeters. ' 



Features 



General DesoriptiOBs 

The ruler instrument is used to make length measurements of 
the objects located on the lab bench. As the student makes the 
measurements, the distance being measured is displayed in the value 
bar of the ruler instrument. At the same time a pointer points out 
the distance on a full-sized ruler shown on the screen. The 
student may choose to show or hide the number displayed in the 
value bar. If the value bar is not hidden when the measurement is 
completed, the measurement will be spoken by the computer. 

Learning to read the different scales of a ruler is a matter 
of making a length measurement, looking at the ruler scale, and 
interpreting the results. The program provides constant feedback 
to the student by pointing out the scale value while simultaneously 
displaying the corresponding numerical value. Additional 
reinforcement is accomplished through the use of voice synthesis. 



The Ruler Instrument: 

The ruler instrument appears on the shelf in instrument window 
two at the start of the experiment. A length measurement is made 
with the ruler by using it to identify the beginning and ending 
point of a measurement. 

Positioning the ruler to begin a Measurement 

Drag the ruler to its starting location. (Move the mouse 
pointer over the ruler and press the mouse button, while pressing 
the mouse button, move the mouse - and consequently the ruler - to 
the desired starting location.) 

Beginning the measurement 

Release the mouse button. (After dragging the ruler to the 
starting location, let up on the mouse button.) 

When making horizontal measurements you can align the left 
edge of the ruler with the starting location on the object being 
measured. When making vertical measurements you can use the top 
edge of the ruler. See what happens when you start from other 
locations on the ruler. 

Marking off the distance 

Move the mouse to the ending location. A line will be drawn 
on the screen as you move the mouse. The length of that line is 
the current distance you will have moved from the beginning 
position. 

2 
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Ending the neasurement 



Click when you have reached the ending location. (Press and 
release the mouse button quickly.) 

The mouse pointer will reappear. You are free to display the 
measurement in different units at this time. If the value bar is 
not hidden the computer will also "speak" the number shown in the 
value bar. The measurement is the length of the colored line that 
has been drawn on the screen. 

The Large Rulers 

The large ruler appears in the lower half of the computer 
screen. The scale on the large ruler corresponds to the units 
appearing in the units bar of the rultr instrument window. The 
units of measurement and, correspondingly, the scale on the large 
ruler can be changed by clicking on the units bar, itself. 

Four different units of measurement are available. 

inches by 1/8 inch divisions - distance is reported to the 
nearest 1/16 inch. 

inches by l/lO inch divisions - distance is reported to the 
nearest 0.05 inches. 

centimeters by 1/2 centimeter divisions - distance is reported 
to the nearest o.l centimeters. 

millimeters by 5 millimeter divisions - distance is reported 
to the nearest millimeter. 
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Worksheet 2-1: Using The Ruler 



Name: 



Teacher : 



Date: 



Score; 



Problem is Learn How To Use The Ruler To Measure Length 

Learn how to use the ruler to measure the length of the pencil 
by carefully following the instructions below. 



Znstruotions For Problem i 

1) Make sure the value bar in the ruler instrument window is not 
hidden. If it is hidden by a white bar, click on it to make 
it appear. 

2) Look at the large ruler at the bottom of the lab bench. The 
word inch should appear on one side of the ruler and the 
fraction i/8 should appear on the other, click on the units 
bar in the ruler instrument window until they do. 

3) Move the pointer over the ruler instrument. You will normally 
find the ruler instrument on the jhelf in the ruler instrument 
window. 

4) Drag the ruler instrument from the shelf and line up the left 
edge of the ruler instrument with the left edge of the eraser 
on the pencil. When the edges are lined up release the mruse 
button . 

5) Move the ruler instrument across the lab bench until the left 
edge of the ruler is lined up with the very tip of the pencil. 

6) Now click the mouse. The distance you measured will appear 
in the value bar, and the computer will speak the measurement. 
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You should have measured 5 and 7/16 inches. As you are making a 
measurement a line is drawn on the lab bench from the point where 
you start to the point where you stop. The length of this colored 
line is always the same as the length of your measurement. 

Reneabar these steps to make it easy to use the ruler: 

1) Drag the ruler to the starting point. 

2) Release the mouse button to start the measurement. 

3) Move the ruler to the stopping point. 

4) Click the mouse button to end the measurement. Your pointer 
will reappear. If the value bar is not hidden, the final 
measurement will be dispi^yed in the value bar, and the 
computer will speak the measurement. 



Problem 2: Keasure The Length of The Paparolip 

What is the length of the paperclip? Measure across the lab 
bench, not up and down. 



lUisver 2 
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Worksbeat 2-2 s Mora Rulsr Measuramants 




Txehlem is Haasuriiig widtli 

Measure the width of the pencil and the width of the paperclip. 
Make sure the large ruler with the fraction 1/8 printed on it 
is present on the lab bench. 



Answer l 



Instructions For Problea i 



First, remember the four easy steps for using the ruler. 

1) Drag the ruler to the starting point. 

2) Release the mouse button to start the measurement. 

3) Move the ruler to the stopping point. 

4) Click the mouse button to end the measurement. 

To measure the width of the pencil, use the top edge of the ruler. 

1) Drag the ruler until the top edge of the ruler lines up with 
the top edge of the pencil. 

2) Release the mouse button. 

3) Move the ruler instrument straight down until the top edge of 
the ruler lines up with the bottom edge of the pencil. 

4) Click the mouse button. Read the width in the value bar. 

Follow the same steps to measure the width of the paperclip. 
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Problea 2s Xaasuri&g Diagonally 

Measure the distance from the upper left corner of the lab 
bench to the tip of the key. 



Answer 2 



instructions For Problem 2 

You can use the ruler instrument to make diagonal measurements as 
well. Use the upper left corner of the ruler while making your 
measiurements . 

To measure the distance from the upper left corner of the lab bench 
to the tip of the key: 

1) Drag the ruler until the upper left corner of the ruler is in 
the upper left corner of the lab bench. 

2) Release the mouse button when the ruler is in the corner. 

3) Move the ruler so that its upper left corner just touches the 
tip of the key. 

4) Click the mouse button and read the measurement in the value 
bar. 
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Finding Area 
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Experiment 3: Finding Area 
Circle Selected, Area Value Hidden, Centimeter Scale 



Objectives 

This environment is designed 
read the scales associated with 
concept of area measurement. 



to help students learn how to 
a ruler, while exploring the 



Features 



General Description: 

The ruler instrument is used to make length measurements of 
the objects located on the lab bench. As the student makes the 
measurements, the distance being measured is displayed in the value 
bar of the ruler instrument. At the same time a pointer points out 
the distance on a full-sized ruler shown on the screen. The 
student may choose to show or hide the number displayed in the 
value bar. If the value bar is not hidden when the measurement is 
completed, the measurement will be spoken by the computer. 

Three geometric figures appear on the lab bench along with the 
large ruler. The size of each geometric figure can be changed by 
dragging one of the sizing gadgets in the appropriate direction. 
For example, dragging the gadget labeled W to the left or right 
will cause the width of the rectangle to change. The area of the 
figure being manipulated al=o appears in the value bar of 
instrument window one. The picture on page 1 shows that the 
numerical value of the area has been hidden by the user. 



The Ruler Instruments 

The ruler instrument appears on the shelf in instrument window 
two at the start of the experiment. A length measurement is made 
with the ruler by using it to identify the beginning and ending 
point of a measurement. 

Positioning the ruler to begin a Measurement 

Drag the ruler to its starting location. (Move the mouse 
pointer over the ruler and press the mouse button. While pressing 
the mouse button, move the mcuse - and consequently the ruler - to 
the desired starting location.) 

Beginning the measurement 

Release the mouse button. (After dragging the ruler to the 
starting location, let up on the mouse button.) 

When making horizontal measurements you can align the left 
edge of the ruler with the starting location on the object being 
measured. When making vertical measurements you can use the top 
edge of the ruler. see what happens when you start from other 
locations on the ruler. 
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Marking off the distance 



Move the mouse to the ending location. A line will be drawn 
on the screen as you move the mouse. The length of that line is 
the current distance you will have moved from the beginning 
position. 

Ending the measurement 

Click when you have reached the ending location. (Press and 
release the mouse button quickly. } 

The mouse pointer will reappear. You eure free to display the 
measurement in different units at this time. If the value bar is 
not hidden the computer will also "speak" the number shown in the 
value bar. The measurement is the length of the colored line that 
has been drawn on the screen. 



The Large Ruler: 

The large ruler appears in the lower half of the computer 
screen. The scale on the large ruler corresponds to the units 
appearing in the units bar of the ruler instrument window. The 
units of measurement and, correspondingly, the scale on the large 
ruler can be changed by clicking on the units bar, itself. 

Four different units of measurement are available. 

inches by 1/8 inch divisions - distance is reported to the 
nearest 1/16 inch. 

inches by 1/10 inch divisions - distance is reported to the 
nearest 0.05 inches. 

centimeters by 1/2 centimeter divisions - distance is reported 
to the nearest 0.1 centimeters. 

millimeters by 5 millimeter divisions - distance is reported 
to the nearest millimeter. 



The Geometrio Figures: 

Three geometric figures - a circle, a rectangle and a right 
triangle - appear on the lab bench. The size of these figures can 
be changed by moving the sizing gadgets associated with each 
f igure . 
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The Circle 



Select the sizing gadget labeled R and drag it to the left or 
right to change the radius of the circle, once selected, a circle 
will appear on the shelf in window one, and the area of the circle 
will be continuously displayed in the value bar. The units 
displayed in the value bar will be the same as those selected for 
the ruler instrument. 

The area of the circle is computed from the radius shown with 
the circle. The radius includes the border or perimeter of the 
circle. 

The Rectangle 

Select either the length or width sizing gadget ( L and w, 
respectively) to change the size of the rectangle. The area 
displayed includes the borders of the figure. 

The Right Triangle 

Select either the height or base gadget (H or B) to change the 
size of the right triangle. 

When measuring the length of the base, extend your measurement 
from the lower right corner of the triangle to the left edge of the 
base sizing gadget. When measuring the height, use the lower right 
corner and the top edge of the height sizing gadget. You will h?.ve 
to use the right edge of the ruler instrument to do these 
measurements . 
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Workslieat 3-1: ^ea Of A Rectangia 




Date: 



Score: 



Wbat You Should Already Know 

You should know how to use the ruler instrument to measure the 
length and width of objects in the Physical Science Laboratory. 
If you are using the ruler for the first time, we suggest you try 
Experiment 2 before you do this one. 



Problem l - The Length of A Rectangle 

First: Click on the value bar in instrument window number i - 
the instrument window that is furthest away from the e lapsed- 
time cloclc. The value bar should turn completely white. 

Then: Find the length of the largest rectangle that you can 
make cn the lab bench. 



Answer 2 



Instructions For Problem l 

Before you start, check to see that the scale of the large ruler 
is showing inches with 1/lC inch divisions. The word inch and the 
fraction l/io will be printed on the large ruler at the bottom of 
the lab bench. The word inches will appear in the ruler units bar. 
Click on the units bar in the ruler instrument window to change the 
units if you need to. 
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The length of the rectangle is controlled by the length gadget. 
The length gadget has the letter L printed in the center. Drag the 
length gadget up and down to get a feeling for how it works. Make 
the length of the rectangle as long as possible. 

Measure the length of the rectangle using the ruler instrument. 
Measure from the top (as seen on the computer screen) to the bottom 
to get the length. Be sure your measurement includes the border 
of the figure. 



Problem 2 - The Width Of A Raotangle 

Find the width of the largest rectangle that you can make on 
the lab bench. 



Answer 2 



Instructions For Problem 2 

The width of the rectangle is controlled by the width gadget. The 
width gadget has the letter W printed in the center. Drag the 
width gadget back and forth to get a feeling for how it works. 
Make the width of the rectangle as wide as possible. 

Measure the width of the rectangle using the ruler instrument. 
Measure from side to side (as seen on the computer screen) to get 
the width. Be sure to include the border of the rectangle in your 
measurement . 
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Pzoblaa 3 - Finding The Ar«a (Lsngth x Widt]i} 

Find the area of the largest rectangle that you can make on the 
lab bench. 



Answer 3 



Instructions For Problea 3 

Make sure the length and width of the rectangle are as large as 
ttiey can be. They should be the same size as the length and width 
you found in problems 1 and 2. You might want to check them with 
the ruler just to be sure. 

To find the area of the rectangle multiply the length times the 
width. For example, if the length were 4.5 inches and the width 
were 3.6 inches, then the area is 

4.5 X 3.6 - 16.2 square inches 

To find out how close you were to the actual area click on the 
value bar in the first instrument window - the window with the 
picture of a rectangle in it. The area of the rectangle will 
appear in the value bar and the computer will speak the number. 
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Worksheet 3-2: Area of A circle 



Name: 



Date: 



Teacher: 



Class: 



Score: 



What You Should Already Know 

You should know how to use the ruler instrument to make length 
measurements. If you are using the ruler for the first time, other 
than Experiment 0, we suggest you try Experiment 2 before you do 
this one. 



Problem xt Finding The Radius Of A circle 

First: click on the value bar in instrument window i - the 
instrument window that is furthest away from the elapsed-time 
clock. The value bar should turn completely white. 

Then: Find the radius of the largest circle that you can make 
on the lab bench. 



Answer i 



Instructions For Problem 1 

Before you start, check to see that the scale of the large ruler 
is showing inches with 1/10 inch divisions. The word inches should 
appear in the units bar of the ruler window, and the value bar will 
show the number zero as 0.00. Click the units bar to change the 
units if you have to. 

The radius of the circle is controlled by the radius gadget. The 
radius gadget has the letter R printed in the center. Drag the 
radius gadget back and forth to get a feeling for how it works. 
Make the radius as large as possible. 
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Measure tlie radius of the circle using the ruler instrument. Be 
sure to include the perimeter of the circle in your measurement. 



Problea 2s Finding Thm Area (3.14 x radius x radius) 

Find the area of the largest circle that you can make on the 
lab bench. 



Answer 2 



Instructions For Froblem 2 

Make sure that the radius of the circle is as large as it can be. 
It should be the same size as the radius you found in Problem i. 
You may want to check it using the ruler. 

To find the area of a circle you multiply 

3.14 X radius x radius 

For example, if the radius of your circle were 2.0 inches, than the 
area would be 



3.14 X 2.0 X 2.0 = 12.56 square inches 



To find out how close you were to the actual area, click on the 
value bar in the first instrument window - the one with the picture 
of the circle in it. The area of the circle will appear there. 



Note: If you use a calculator to compute the area and you want to 
be more accurate, than use the number 3.14159 instead of 3.14. 
This number is called Pi (pronounced pie) and on some calculators 
is shown as the symbol 



ERIC 



2 of 2 

i Jo 



Works]i«ot 3-3: Ar«a Of A Triangia 



Name: 



Date: 




Teacher : 
Class: 



Score : 



miat You Should Already Know 

You should know how to use the ruler to make length measurements. 
If you are using the ruler for the first time we strongly recommend 
that you do Experiment 2 first. 



Problem X - The Height Of A Triangle 

First: Click on the value bar in instrument window l - the 
instrument window that is furthest away from the elapsed-time 
clock - until the number is covered by a white bar- 

Then: Find the height of the largest triangle that you can make 
on the lab bench. 



Answer l 



Instructions For Problem i 

Before you .start, check to see that the scale of the large ruler 
is showing inches with 1/10 inch divisions. The word inches should 
appear in the units bar of the ruler window, and the value bar will 
show the number zero as 0,00. Click the units bar to change units 
if you have to. 

The height of the triangle is controlled by the height gadget. The 
height gadget has the letter R printed in the center. Drag the 
height gadget up and down to get the feel of how it works. Make 
the height as large as possible. 
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Measure the height of the triangle using the ruler instrument. In 
this experiment you will be using the ruler in a slightly different 
way. 

1) Drag the ruler to the triangle - don't release yet - and line 
up the top edge of the ruler with the top edge of the height 
gadget. 

2} Now release the mouse button to start the measurement. 

3) Move the ruler down until the top edge of the ruler rests 
along the bottom edge of the triangle. Hove the ruler along 
the bottom edge of the triangle until the line drawn by the 
ruler is straight up and down (vertical) . 

4) Now click the mouse button to end the measurement. Write down 
the number for the height. 



Problem 2 - The Base Of The Triangle 

Find the base of the largest trip.r»gle that you can make on the 
lab bench. 



Answer 2 



Instructions For Problem 2 

The size of the base of the triangle is controlled by the base 
gadget. The base gadget has the letter B printed in the center. 
Drag the base gadget back and forth to get an idea of how it works. 
Make the base of the triangle as large as possible. 

Measure the base of the triangle using the ruler instrument. Again 
you will use the ruler in a slightly different way. 
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1) Drag the ruler to the triangle - don't release yet - and line 
up the right edge of the ruler with the right side (outside) 
of the triangle. Keep the ruler near the bottom of the 
triangle. 

2) Now release the mouse button to start the measurement. 

3) Move the ruler until the right edge of the ruler just touches 
the left edge of the base gadget. Slide the xuler along the 
edge of the base gadget until the line drawn by the ruler is 
straight (horizontal) . 

4) Now click the mouse button to end the measurement. Write down 
the size of the base. 



Vroblea 3 - Finding The Area ( 1/2 x Base x Height ) 

Find the area of the largest triangle that you can make on 
the lab bench. 



Answer 3 



Instructions For Problem 3 

Make sure the base and height of your triangle are as large as they 
can be. They should be the same base and height as you found in 
Problems l and 2. check them to be sure. 

To find the area of a triangle you multiply 1/2 times the base 
times the height (you can use 0.5 instead of 1/2). For example, 
if your base is 2.0 inches and your height is 3.0 inches then the 
area of the triangle would be 

1/2 X base x height = area 

1/2 X2.0 X3.0 =3.0 square inches. 

Click on the value bar in instrument window 1 to see the actual 
area for your triangle. The triangle icon should be on the shelf. 
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Introduction to Experiment 4: 
Finding Distance Using a Map 
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Bxpariaant 4: Finding Distance Using A Nap 
starting Screen, Ruler with l/io Znoh Divisions 



Objectives 

This environment is designed to help students learn how to 
read the scales associated with a ruler, as well as learn how to 
use a ruler to find distances on a map. An additional goal is to 
help students make the transition from real to abstract spatial 
measurements . 
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Features 



General Description: 

The ruler instnment is used to make length measurements of 
the objects located on the lab bench. As the student makes the 
measurements, the distance laeing measured is displayed in the value 
bar of the ruler instrument. At th3 same time a pointer points out 
the distance on a full-sized ruler shown on the screen. The 
student may choose to show or hide the numbers displayed in any of 
the value bars. If the value bar is not hidden when a measurement 
is completed, the measurement will be spoken by the computer. 

Measurements are made on a map. By clicking on the units bar 
of the ruler the units of measurement can be changed to inches, 
centimeters, millimeters, miles or kilometers. The scale of the 
map can also be changed to miles or kilometers. Once distance 
measurements have been completed using a ruler, the car shown in 
instrument window 3 can be driven over the route to provide a check 
on the student's calculations. Distance driven in miles or 
kilometers is shown in the car value bar. Clicking on the trip 
odometer resets the distance traveled to zero. 

The Ruler Instrument: 

The ruler instrument appears on the shelf in instrument window 
two at the start of the experiment. A length measurement is made 
with the ruler by using it to identify the beginning and ending 
point of a measurement. 

Positioning the ruler to begin a Measurement 

Drag the ruler to its starting location. (Move the mouse 
pointer over the ruler and press the mouse button. While pressing 
the mouse button, move the mouse - and consequently the ruler - to 
the desired starting location.) 

Beginning the measurement 

Release the mouse button. (After dragging the ruler to the 
starting location, let up on the mouse button.) 

When making horizontal measurements you can align the left 
edge of the ruler with the starting location on the object being 
measured. When making vertical measurements you can use the top 
edge of the ruler. See what happens when you start from other 
locations on the ruler. 
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Harking off the distance 



Move the mouse to the ending location. A line will be drawn 
on the screen as you move the mouse. The length of that line is 
the current distance you will have moved from the beginning 
position. 

Ending the measurement 

Click when you have reached the ending location. (Press and 
release the mouse button quickly.) 

The mouse pointer will reappear. You are free to display the 
measurement in different units at this time. If the value bar is 
not hidden the computer will also "speak" the number shown in the 
value bar. The measurement is the length of the colored line that 
has been drawn on the screen. 



The Large Rulers 

The large ruler appears in the lower half of the computer 
screen. The scale on the large ruler corresponds to the units 
appearing in the units bar of the ruler instmment window. The 
units of measurement and, correspondingly, the scale on tne large 
ruler can be changed by clicking on the units bar, itself. 

Six different units of measurement are available. 

inches by 1/8 inch divisions - distance is reported to the 
nearest 1/16 inch. 

inches by I/IO inch divisions - distance is reported to the 
nearest 0.05 inches. 

centimeters by 1/2 centimeter divisions - distance is reported 
to the nearest 0.1 centimeters. 

millimeters by 5 millimeter divisions - distance is reported 
to the nearest millimeter. 

miles by O.l mile divisions - distance is reported to the 
nearest 0.05 miles. 

kilometers by 0.2 kilometer divisions - distance is reported 
to the nearest o.l kilometer. 



The Car: 



A movable car is parked in instrument window 3. As the car 
is moved across the map, the distance traveled appears in the value 
bar of • the car instzriuaent window. By clicking on the 
speedometer /odometer icon in window 3, the mileage can be reset to 
zero. Clicking on the imits bar in instiment window 3 causes the 
units of distance to toggle between miles and kilometers. 

The car is controlled by the mouse in much the same fashion 
as the ruler (see above) - Drag the car to its starting location. 
Release the mouse button and move it so that the car travels over 
the route desired. Any movement of the car in this mode ~ backwards 
or forwards - causes the distance traveled to increase. Click the 
mouse button at the end of your trip. The mouse pointer will 
reappear and the car will no longer be under mouse control. 



The Map: 

The scale of the map is shown in the map legend. It is fixed 
at 1 inch = 1 mile. The legend can be changed to show the same 
scale in kilometers where 1 inch « 1.6 kilometers. Clicking on the 
units bar in instrument window 3 causes the scale display to toggle 
between miles and kilometers. Consequently, the units of distance 
traveled by the car will always agree with the units on the map 
scale. 



WorXsheot 4-1: Measuring Map Distanoa 



Name:^ Date: 



Teacher: 



Score: 



What YOU Should Already Ksov 

You should know how to measiire length using the ruler instrument. 
If you are using the Jruler for the first time, you should begin 
with Experiment 2: Finding Length And width. 



problem l - Measuring Distances in Inohes On A Map 

Measure the distance in inches between exit 1 and exit 2 along 
interstate highway 96. 



Anawx 1 



Instructions For Problem i 

Interstate highway 96 is the thick green line running across the 
map. Exit 1 is the small white rectangle with the number 1 printed 
next to it. Exit 2 has the number 2 printed next to it. 

Click on the units bar in the ruler window until the large ruler 
on the lab bench shows the word inch and the fraction l/io. Using 
the ruler instrument, measure the distance from the center of exit 
1 to the center of exit 2. 
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ProblsB 2 - dianging Znobos To HiX«s 

Using the map scale, find out how many miles you must travel 
for each inch of distance on the map. 



Ansver 2 



Instructions For problem 2 

Find the map scale. It has the words Soalesmiles printed below it. 
The scale is marked with numbers from 0 to 2. These numbers show 
the distance in miles on the map. 

Using the mouse, drag the ruler to the 0 mark on the scale and 
release. Move the ruler exactly 1 inch along the scale then click. 
Write down the number of miles you traveled along the scale by 
reading the numbers on the scale. This is the number of miles you 
travel for each inch of distance on the map. 



Problem 3 - calculating Distances in Miles 

How far is it in miles from exit 1 to exit 2 along interstate 
96? 



Answer 3 



Instructions For problem 3 

You know the distance in inches from exit 1 to exit 2 (the answer 
to problem i) . You also know how many miles you travel for each 
inch of distance along the map (the answer to problem 2) . 

Multiply the distance in inches times the number of miles per inch 
to give you the correct answer. 
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Problem 4 - Distance zn Miles 

How many miXes is it between exit 2 and exit 3 along the 
interstate highway? 



Answer 4 



Instnaotions For Problem 4 

Follow the instructions given in problems 1 through 3. 
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worksheet 4-2: xeasurement Issues 



Name: 



Date: 




Score: 



What You Should Already Know 

You should know how to measure length using the ruler instrument. 
I? YOU are using the ruler for the first time, you should begin 
witrLperiment 2. If you are working with the map experiment for 
?he fiSt time you should begin with Worksheet 4-1: Measuring Map 
Distance . 



Problem 3. - Finding The Distance Between Two Towns 

Find the distance along the road (red) in miles from the town 
of Gap to the town of Fair Harbor. 



Answer 1 



Instructions Por Problem l 

Use the ruler instrument to measure the distance along the road. 
Since the ruler doesn't bend, you will need to measure a series of 
short, straight-line distances, and then add them up after you 
reach your destination. 

The following technique will help make the measurements easy. 

Drag the ruler to the town of Gap and release the mouse with the 
upper-left corner of the ruler in the center of town. Move the 
ruler down the road until the line drawn by the ruler begins to go 
off the road. Carefully click the mouse leaving the ruler in the 
s;%Tna spot on the road . Record the distance traveled m inches. 
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If tho ruler is in the same spot, just click the mouse to start the 
next measurement? move it until the ruler line goes off the road, 
and click it again. Record the distance moved in inches. 

If you accidentally »ove the ruler away from the last spot on your 
way, simply drag it back to that spot and release the mouse to 
start the measurement; move it to the next point; and click to 
stop. Record the distance moved in inches. 

Repeat the process of clicking to start, moving the ruler until the 
ruler line goes off the road, and clicking to stop, as you measure 
your way to Fair Harbor. 

When you reach your destination, add up all tlie distances in 
inches. Then multiply this sum by the number of miles per inch 
that you found in problem 2 on Worksheet 4-1. 



Problem 2 - Differences in Xeasuranents 



Find the distance from Gap to Fair Harbor again. Use the same 
method you used for problem 1. Is the result the same? If it 
is different can you explain why? 
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Instructions For Problem 2 

Follow the same instructions given for problem i 
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WorksHeet 4-3: Ruler with I/IO Inch Scale Divisions 



Name: ^ Date: 



Teacher : ^ 

Class : Sc are : 



What You Should Already Know 

It would be helpful to have already completed Worksheets 4-1 and 
4-2 in this series. 



Prohles 1 - Reading The Scale Harks On The Ruler 

Find and circle the scale marks on the analer shown below that 
mean: "a distance of 3.10 inches from the left edge of the 
ruler. " 



Answer l 




Instructions For Problem i 

Make sure that the value bar in the ruler instrument window is not 
hidden. Click on the value bar if the number there is hidden. 

Click on the units bar until the large ruler on the lab bench has 
the word inch on one side and the fraction 1/10 on the other. It 
should look like the picture in answer box 1. 

Drag the ruler instrument to the lab bench, and release the mouse 
when the upper-left corner of the ruler rests on exit 1 of 
interstate highway 96. 
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Move the ruler slowly toward the other side of the map. As you 
move the ruler the distance moved is shown in inches in the value 
bar. Also, a moving white pointer points to the same distance on 
the scale of the large ruler. 

When the number in the value bar reaches 3.10, click the mouse. 
Look at the white pointer next to the large ruler. The scale mark 
nearest the white pointer also means 3.10 inches. Circle the mark 
nearest the white pointer and the mark directly above it. 



Problem 2 - Identifying All The Scale Marks Along l Inch 

In the space provided, write the numbers that match the scale 
marks between the 4.00 and 5.00 inch marks on the ruler. 




Instructions For Problem 2 

Follow the instructions for problem l, but this time watch the 
scale on the large ruler as you move the ruler instrument. When 
the white pointer is next to one of the marks that you must 
identify for this problem, read its value in the value bar. 



Problem 3 - Finding The Values Between The scale Harks 

In the spaces provided below, write the numbers that match the 
location where each line is pointing on the ruler scale. The 
lines are all pointing between the scale marks. 
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Instructions For Problem 3 



Follow the instructions for Problem 1, but move the ruler so that 
the white pointer rests between the scale marks. Read the matching 
nvuttber in the value bar. 



Froblan 4 - Seal* Divisions 

What is the length of the smallest scale division on the ruler 
shown in answer box 1. State your answer in inches. 



Answer 4 



Instructions For Problem 4 

A scale division is the distance between two scale marks of the 
same length on the ruler scale. The length of the smallest scale 
division is the distance between two of the scale marks that are 
closest together. Usually they are also the shortest scale m&rks 
on the scale. 

Using the ruler instrument, measure the distance between any two 
of the scale marks that are closest together on the large ruler. 
Be careful to measure from the same point on each mark. 
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Diseusslon Questions 

1. What is the smallest distance that you can measure with the 
ruler shown in answer box l? 

2. What is the largest scale division shown on the ruler in 
answer box 1? 

3. Which is smaller: a 1/2 inch scale division or a 1/8 inch 
scale division? 

4. When a ruler has l/io inch scale divisions, into how many 
parts is each inch on the ruler divided? 
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worksheet 4-4 s Measuring Distances On Paper Mapn 




Name : Date : 



Teacher : 

Class: Score: 



What You Should Already Xnov 

You should have done Worksheets 4-1 and 4-2. You should know how 
to read the scale on a ruler with ten divisions to the inch. 



Problem l - Finding The Distance in Inches 

Use the map on Page 4, and a 3 inch by 5 inch card, to find 
the distance in inches from the town of Gap to the town of Fair 
Harbor. Check your answer using the results you got from 
Worksheet 4-2. 



Answer l 



Instructions For Problem i 

For this experiment you will need a pencil and a stiff piece of 
paper - a 3 inch by 5 inch card would be perfect. Ask your 
teacher if he or she will give you one. Use the map on Page 4 of 
this Worksheet. 

Place the corner of the card in the center of the town of Gap. 
Hold the card so that the long edge is heading down the road in 
the direction of Hollis. 

Put a mark on the card where the road bends and the edge of the 
card leaves the road. 

Leave your pencil on the map at the same spot where you marked the 
card. Make sure the last mark on the card is next to the pencil 
point. Turn the card until the edge of the card near the mark is 
back on the road. 



1 of 4 



ERIC 



I 



Put another mark on the card where the edge of the card leaves the 
road. 



Continue to turn the card and marlc it until you reach the town of 
Fair Harbor, where you put your last nark on the card. The 
distance from the corner of the card to the last mark is the total 
distance from Gap to Fair Harbor. 

Use the large ruler shown on Page 3 to measure the total distance 
in inches marked on your card. 



Problem 2 - Changing inches To Hlles 

Using the map scale on Page 4, find out how many miles there 
are for a distance of l inch on the map. 



Answer 2 



I Ji9^r actions Por Problem 2 

Using the iai-^-e ruler on Page 4, mark off exactly one inch on a 
cl«%an edge of your 3 by 5 card. 

Find the map scale on Page 4. Place one end of your inch at the 
beginning of the map scale. Read the number of miles at the other 
end of the inch Write down the number of miles per inch for this 
map. 



Problem 3 -* Changing Inches To Miles 

Change the number of inches you measured along the road to 
miles. 



Answer 3 
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Instructions For Problem 3 

Multiply the distance in inches found in problem 1 by the number 
of miles per inch found in problem 2. Check your work using the 
results you got on Worksheet 2. 



Suggestions For Other Activities 

Find a map of the state in which you live. Locate two towns on 
the map that you know and measure the distance in miles between. 
You will probably find that the map scale will be different from 
the one used here. 
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Introduction to Experiment 5: 
Finding Seasonal Temperatures 




Ezperim«nt 5s Finding Saasonal Taaperatures 
Month Of January, Fahrenliait Thermometer still on Shelf 



Objectives 

This environment is designed to help students learn how to 
read the scales associated with a circular thermometer. In 
addition, the student will be able to examine the variation in air 
and water temperature in a typical New England state throughout an 
entire year. 
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Features 



General Description: 

This environment features a thermometer instrument that can 
be used to measure temperature inside and outside the Physical 
Science laboratory. Air and water temperatures can be measured 
outside the lab throughout an entire year. Both the month and the 
day of the month can be varied. The temperature read will be 
approximately equal to the average temperature for that day. The 
temperature inside the lab remains at a constant 68 degrees 
fahrenheit (20 degree celsius) . The circular thermometer can show 
either a celsius or fahrenheit scale. 



The Thermometer Instrument: 

The thermometer instrument resides on the shelf in instrument 
window 1. To use the thermometer, drag it to the desire' location 
and release it. The thermometer will read the temperature Jirectly 
under its bulb. Placing the bulb in the water will cause the water 
temperature to be read; placing the bulb anywhere else causes the 
air temperature to be read. As long as the thermometer is not on 
the shelf, it will register changes in temperature. 

Each time the thermometer is released, the temperature at the 
current location will be voiced by the computer. Temperatures read 
by the thermometer instrument are registered in the value bar of 
the thermometer instrument window. The units are displayed in the 
units bar below. Clicking on the units bar will cause the value 
and units displayed to switch between fahrenheit and celsius 
degrees. Clicking on the value bar will either show or hide the 
ciurrent temperature value. 



The Large circular Thermometer: 

The large circular thermometer displays the temperature 
currently being sensed by the thermometer instrument. it is 
designed to give students practice in reading a circular scale by 
interpolation • 

To switch the scale between celsius and fahrenheit on the 
large circular thermometer, click on the units bar in the 
thermometer instrument window. 



The Calendar: 

The calendar appearing in instrument window 3 can be used to 
change t*- month of the year or the day of a particular month. 
Clicking the units bar will cause either the word "Month" or 
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"Day" to appear in the units bar. clicking on the plus gadget in 
the calendar window will cause either the month or day to advance 
by 1. The name of the month, or the day number, will appear in the 
value bar. Clicking on the minus gadget in the calendar window 
will cause the month or day to decrease by l. 

Attempting to advance the day number beyond the last day of 
the month, causes the day numbers to begin anew at day l for that 
s£uae month. Attempting to decrease the day number below day 1, 
causes the day number to wrap to the last day for that month. 

Note that it is possible to change the month or day while time 
is stopped (clock not running) : neither the scene nor the 
temperature will change, however. 



outside The Labs 

The scene outside the lab changes to reflect the month 
currently selected, changing the day number has no effect on the 
visual scene. Both the temperature of the lake and the air can be 
measured on a daily basis. The temperatures are typical for the 
New England region of the United states. The temperature of the 
air is the average temperature for a given day. 

To cause the scene or temperature to change, time must be 
advancing, i.e., the elapsed-time clock must be running. if the 
clock were stopped, it would be possible to show January in the 
value bar, while the scene displayed is the month of June. By 
stopping the clock, you can quickly advance through a number of 
months, without waiting for a scene change. 

If the lake is frozen over, than the temperature of the 
surface of the lake will be the same as the air temperature. 



The Elapsed-Time Clock: 

While the elapsed time clock is running, any changes made to 
the month or day via the calendar window will cause an appropriate 
change of scene or temperature, if the clock is not running, it 
is still possible to advance the month or day via the calendar 
window, but neither the scene n.c the temperature will change. 
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Worksheet 5-1 : Heasuri&g Air And Water Temperatures 



1 Name : 




Date: 


Teacher : 


Class: 




Score : 





Froblaa l - Heasuring The Air Tmnperature 

Measure the outdoor air temperature in degrees Fahrenheit on 
the first day of January. 



Answer 1 



Instruotions For Problem 1 

The lab bench is divided into two sections. On the left is a large 
thermometer that shows the same temperature as the thermometer 
instrument. On the right is the scene outside the Physical Science 
Laboratory. To measure outdoor temperature you will place the 
thermometer instrument outside. 

First: set the month and day using the calendar window. 

1) stop the elapsed-time clock by clicking on the STOP gadget. 

2) Click on the units bar in the calendar window until the word 
month appears in the units bar. click on the plus gadget (+) 
or minus gadget {-) until January appears in the value bar. 

3) Click on the units bar in the same window until rhe word day 
appe-rs. Click on the plus or minus gadget until the number 1 
appears in the value bar. 



1 of 2 



ERIC 



Seconds Use the thermometer instrument to measiure the outside 
tempera ttire. 

1) Click on the units bar in the thermometer instrument window 
until the words degrees P (degrees Fahrenheit) are showing 
there. 

2) If the value bar in the thermometer window is hidden, click on 
it once to make the number appear. 

3) Drag the thermometer instnuaent from its shelf or any other 
location and release it in the outdoors. The temperature of the 
current scene will be announced by the compcter. 

4) start the elapsed-time clock by clicking on the START gadget. 

If necessary, the scene will change to January and the temperature 
in the value bar will show the average temperature for the first 
day of January. 



Problem 2 - Keasuring Water Temperature 

Find the temperature of the lake in degrees Fahrenheit on July 
first. 



Answer 2 



Instructions For problem 2 

Set the month and day to July 1 in the calendar window. Follow the 
instructions given in problem 1. Don't forget to STOP the clock 
before you begin; START it again when you are done. 

Use the thermometer instrument to measure the temperature of the 
water. Drag the thermometer into the lake. Make sure that the 
thermometer bulb - the rounded, bottom portion - is in contact with 
the water. Release the mouse button to measure the temperature. 
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Worksheet S-2: Teaperature Extremes 




What You Should Already Xnov 

We recominend that you do Worksheet 5-1: Measuring Air And Water 
Temperatures, before you try the problems on this worksheet. 

Remember that the air temperature for a given day in this 
experiment is the average temperature for that day. The high and 
low temperatures could easily be twenty degrees higher or lower. 



Problem i - coldest Part Of The Year 

What are the dates of the coldest part of the year as measured 
by the air temperatures. Give the months and days when it is 
coldest . 



Answer i 



Instructions For Problem i 

Use the thermometer instrument and explore the temperatures 
throughout the months and days of the year. use the calendar 
window to change the months and days. 
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Probles 2 - Wamsst Part of Tha Yaar 

What are the dates of the waznaest part of the year as measured 
by the air temperatures? Give the months and days. 



Answer 2 



Problem 3 - A Frozen Lake 

During what months is the lake frozen over? What temperature 
do you measure for the lake when it is frozen over? What are 
you actually measuring? 



Answer 3 
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WorXsheet 5-3: Changing Teaparfttur«s 




Date: 



Score : 



wbat You should Already Know 

We recoininend that you do Worksheet 5-1: Measuring Air And Water 
Teaperatures, before you try the problems on this worksheet. 

Remember that the air temperature for a given day in this 
experiment is the average temperature for that day. 



Problem l - Fast Rising Temperatures 

During what month of the year do we have the biggest rise in 
temperature from the beginning of the month to the end of the 
month? 



Answer 1 



Instructions For Problem l 

1) Use the thermometer instrument to measure the temperatures at 
the beginning and end of each month. 

2) Find those months where the temperature at the end of the month 
is bigger than the temperature at th^^ start of the month. 

3) subtract the temperature at the start of each of those months 
from the temperature at the end of each of those months. Look 
for the biggijst difference. 

You will find a table on the next page to help you organize the 
data. 
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Tomparature Data JUid Caleulations 
To Find Thm Biggast Risa In Tamparature 



Month Temperature Temperature Positive 

Begin End Ditference 

(End - Begin) 



(units) (units) (units) 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 
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WorXshdQt 5-4: Temperature Scales 




Name: Date: 

Teacher: 



Class: Score: 



Prolblem i - Find Tbe Miss|ng Muabers 

Complete the following table by filling in the temperatures in 
degrees Celsius that match the temperatures in degrees 
Fahrenheit. 



Temperatura Table 
Changing From Fahrenheit To Celsius Degrees 



De jrees Degrees 

Fa^renheit Celsius 

5 

14 

23 

32 

41 

50 

59 

68 

77 




1 of 2 



78 



X&structioiis For Problem 1 

1) Click on the units bar in the thermometer window until the units 
are degrees F. 

2) Find a day during the year when the temperature in degrees 
Fahrenheit is equal to one of the numbers in the table. 

3) Click on the units bar to convert the temperature in degrees 
Fahrenheit to the temperature in degrees Celsius. Read the 
Celsius value in the value bar. Write it in the table. 

Repeat steps 1 through 3 (don't forget 1, it's easy to forget) 
until you have found all the numbers you Ccin. 



Problem 2 - Using Patterns in Numbers 

Use the way the numbers are changing in the table to help you 
fill in the missing numbers. 



Problem 3 - Making Up Rules 

Finish the following rule about the way the numbers are 
related: 



Whenever the Fahrenheit temperature changes by 
the Celsius temperature changes by degrees. 
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Worksheet 5-5: Reading A Circular Theraoaeter 



Name: 



Teacher : 



Date: 



Class; 



Score: 



What You Should Already Know 

We recommend that you do Worksheet 5-1: Measuring Air And Water 
Temperatures, before you try the problems on this worksheet. 



Problem l - Reading The Scale Marks On The Thermometer 

On the circular thermometer shown below, draw a pointer from 
the center to the Scale mark that means "45 degrees 
Fahrenheit" . 
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Instructions ?or ProbXea 1 



1) Make sure that the value bar in the thermometer window is not 
hidden. Click on the value bar if it is hidden until the number 
appears . 

2) Click on the units bar until the words degrees P (degrees 
Fahrenheit) appear there. 

3) Using the. calendar window, select a day during the year that 
has an average temperature of 45 degrees Fahrenheit. When the 
value bar displays 45, note the position of the red pointer on 
the large thermometer; the end of the pointer will be next to 
the 45 degree Fahrenheit scale mark. 



Problem 2 - Reading Between The Z>in8ss Interpolation 

Fill in the values that match the points on the temperature 
scale shown below. 



Unswer 2 
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Instructions For Problem 2 



Follow the instructions for problem 1 except that you will need to 
find temperatures that match the points shown in answer box 2. 



Problem 3 - Testing Yourself 

Write down the temperature values pointed to by the pointers. 
Use the nearest space provided outside the thermometer. 



Answer 3 
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Experiment 6: Refrigeratoir 
Refrigerator Door Open To Room Temperature 



Objectives 

This environment is designed to help students learn how to 
read the scales associated with a thermometer, as well as learn how 
to use the thermometer instrument in the Physical Science 
Laboratory. In addition, the student can learn about temperature 
conditions in the family refrigerator and can learn to control 
those conditions. 
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Features 



General Description 

This simulation allows students to measure temperatures in the 
refrigerator and freezer compartments of a typical family 
refrigerator. The student can also control the rate of cooling in 
the refrigerator by adjusting the refrigerator thermostat. The 
thermostat has 10. different settings including an OFF position. 

The doors of the refrigerator open and close. The thermometer 
instrument can be placed inside the refrigerator and the door(s) 
closed. When the refrigerator or freezer door is closed, the 
temperature given is the average temperature of the contents of 
that compartment of the refrigerator. When the door is opened, the 
temperature given is the temperature of the air in the room. 

The left-hand side of the lab bench exhibits a large 
thermometer whose scale is readable as the liquid in the tube rises 
and falls with a change in temperature. Two scales are available: 
fahrenheit and celsius. The fahrenheit scale includes a magnifying 
gadget that increases the size of the scale to give a more precise 
reading. 



The Refrigerator 
The Doors: 

Click on the door handles to open the refrigerator doors. 
"Push" an open door closed by clicking on it. 

The Thermostat: 

The temperatures in the refrigerator and freezer compartments 
are controlled by a single thermostat {the lead designer for this 
project owns an old refrigerator I ) . once the thermostat is set, 
the refrigerator and freezer temperatures will each rise or fall 
to a particular value (but not the same value) . Freezer 
temperatures range from -4 to 12 degrees F, while the refrigerator 
compartment ranges from just above 32 to 40 degrees F. 
Refrigeration can be turned off by setting the thermostat to the 
OFF position. 

The thermostat control can be found in instrument window 
number 3. clicking on the plus gadget will increase the setting 
while clicking on the minus gadget will decrease the setting. The 
current setting is shown in the value bar of the thermostat window. 
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The abbreviation "Refriger" appears in the units bar. The 
numerical value of the thermostat is not the actual temperature 
setting (as is the case for most refrigerators) . 

Selecting the thermostat control instrument, or the thermostat 
inside the refrigerator, will cause a large thermostat to appear 
in place of the large thermometer on the left-hand side of the lab 
bench. The scale can be easily read to show the current setting. 
It will, of course, agree with the numerical value shown in the 
value bar of the thermostat window. Selecting the thermometer 
instrument will cause the large thermometer to replace the large 
thermostat on the lab bench. 



Inside The Refrigerator: 

Because outside air rapidly infiltrates a refrigerator 
compartment (like those simulated here) when a door is opened, the 
temperature measiired will always be the room temperature when a 
door is open. When a door is closed, the small amount of air 
inside cools rapidly to the temperature of the contents, thus the 
temperature of the contents determines the temperature measured 
when the door is closed with the thermometer inside. 

If a door is left open, the temperature of the contents will 
gradually rise (and the refrigerator will run constantly) . Close 
the door to measure the resulting rise in temperature. 



The Large Thermometer: 

The large thermometer appears on the lab bench whenever the 
thermometer instrument is selected. The liquid level changes to 
reflect changes in temperature being measured by the thermometer 
instrument. Both fahrenheit and Celsius scales are available. 
Clicking on the imits bar in the thermometer instrument window will 
change tne scale depicted. 

To toggle the magnification of the fahrenheit scale of the 

large thermometer, click on the magnifying gadget shown in the 

lower left-hand corner of the lab bench. Individual degrees can 
be read quite easily on high magnification. 



The Tharmonoter instrument: 

The thermometer instrument resides on the shelf in instrument 
window 1. To use the thermometer, drag it to the desired location 
and release it. The thermometer will read the temperature directly 
under its bulb. 



Each time the thermometer is released, the temperature at the 
current location will be voiced by the computer. Temperatures read 
by the thermometer instrument are registered in the value bar of 
the thermometer instrument window. The units are displayed in the 
units bar below. Clicking on the units bar will cause the value 
and units displayed to switch between fahrenheit and Celsius 
degrees. Clicking on the value bar will either show or hide the 
current temperature value. 

To read the average temperature of the contents of the 
refrigerator or freezer, place the thermometer instrument inside 
the refrigerator and dose the door of the refrigerator or freezer. 

You will probably want to speed time up quite a bit to observe 
changes in the temperature readings while manipulating the 
environment. 
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Worksheet 6-1: inside Your Refrigerator 




Name: Date: 



Teacher : 

Class: Score: 



Froblsa is Look Znside Tbs Refrigerator And Freezer 

You are very hot and thirsty and need something cold to drink. 
See if you can find what it is you need in the refrigerator. 
You might want to put ice in your drink. Open up the freezer 
and see what is in there. What did you find in the 
refrigerator to drink? What did you find in the freezer? 



Answer 1 



Instructions For Problem i 

To open up a refrigerator you normally pull on the door handle. 
In this experiment you can open the refrigerator door by clicking 
on the door handle with the mouse. Try it. 

To open up the freezer door click on the freezer door handle. Try 
it. 

Take a look inside both the ref i igerator and the freezer to answer 
the questions in Problem i. 
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Problea 2s opanla? And cioaing 

Now that you have the doors open see if you can close them. 
What else can you find in the refrigerator that opens and 
closes? 



Answer 2 



Instructions For Problem 2 

Hardly anyone uses the handle to close the door on a refrigerator. 
Besides, you can't reach it very easily because it's always on the 
other side when the door is open. Most of us just grab the door 
and push it closed. You can do the same thing with the mouse by 
just clicking anywhere on the open door. Try it. 



Problem 3: The Refrigerator Door Won't Close 

While opening and closing things belonging to the refrigerator, 
you can get into a situation where the door on the refrigerator 
will not close. Why won't the door of the refrigerator close 
and what do you have to do to fix the problem? 



Answer 3 
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Workslieet 6-2: Temperatures laside A Refrigerator 




Date: 



Teacher :^ 
Class : 



Score : 



Problen x - Temperature inside Refrigerator compartment 

What is the temperature in degrees Fahrenheit inside the 
refrigerator? 



Answer l 



Instructions For Problem i 

1) Make sure that the value bar in the thermometer instrument 
window is not hidden, and change the units to degrees P in the 
units bar, if necessary. 

2) Open the ref rigera*-or door (not the freezer door) . Drag the 
thermometer from the shelf and place it in the refrigerator. 
Notice that the temperature is 68 degrees F. This is because 
room air has entered the refrigerator, 

3) Close the refrigerator door Read the temperature in the value 
bar. Unless the refrigerator has been OFF for a long time the 
temperature should be less than 68 degrees F. 



Problem 2 - Temperature Inside Freezer compartment 

What is the temperature in degrees Fahrenheit inside the 
freezer? 
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Instructions For Problsa 2 

Follow the instructions for problem 1 only this time place the 
thenaometer inside the freezer rather than the refrigerator. 



Froblea 3 - Tho Temperature controller 

Find the temperature control instrument inside the 
refrigerator, click on it. What is the current setting on the 
dial? 



lUisver 3 



Instructions For Problem 3 

The temperature control instrument, also called a thermostat, is 
on the back wall of the refrigerator compartment. Click on it to 
see the dial settings. The blue dot is positioned next to the 
current setting. Read the setting from the dial. 
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Worksheet 6-3: controlling Refrigerator Temperature 




Teacher : 



Name: 



Class : 



Date: 



Score : 



Wbat You Should Already Xnov 

We recommend that you do Worksheet 6-2: Temperatures inside A 
Refrigerator before you begir: this Worksheet. 



Problem l - changing The Thermostat Setting 

change the thermostat setting of the refrigerator to 5. 



Instructions For Problem l 

Use the thermostat control instrument in window 3. The units bar 
has the abbreviation Refrig. displayed in it. The thermostat 
setting controls the temperature inside the refrigerator. To 
change the setting click on the plus (+) or minus (-) gadget in the 
thermostat window. The current setting will appear in the value 
bar. Click on the plus or minus gadgets until the number 5 appears 
in the value bar. 

If you click on the thermostat icon on the instrument shelf, a 
large thermostat dial will appear on the left-hand side of the lab 
bench. The setting on the dial should be the same as the one in 
the value bar. 



Problem 2 - What will Be The Refrigerator Temperature 

What temperature does the refrigerator reach when the 
thermostat is set to 5? 
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instnietions For problem 2 

1) Place the thermometer inside the refrigerator and close the 
door. 

2) Make sure that the elapsed-time clock is turned off by clicking 
on the STOP button. 

3) Adjust the clock speed-control to a factor of about 10. You 
only have to move it up very slightly. 

4) Turn on the elapsed-time clock. Watch the value bar for the 
clock. A minute should click by in 6 seconds. 

5) Watch the temperature in the value bar. It may change for a 
while, and then change hardly at all. You can speed up the 
clock even more if you like (Don't forget to stop the clock to 
do so) . When the temperature seems to have reached a fixed 
value, record that number. 



Problem 3 - what will Be The Freez&r Temperature 

What temperature does the freezer reach when the thermos ^.at is 
set to 5? 



Answer 3 
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Worksheet 6-4: Knowing Your Refrigerator Tharaostat 



Name : Date : 

Teacher : 



Class: Score; 



Problea l - collecting Thermostat Data 

Find the temperature that your refrigerator reaches for each 
setting of the thermostat. Write your data in the table below. 



Answer l 

Refrigerator Temperature Reached Per A oiven Thermostat setting 

Thermostat Setting Refrigerator Temperature 

(degrees Fahrenheit) 

OFF 



2 
3 
4 
5 
6 
7 
8 
9 
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Instruotiona For Problem 1 



Follow the instructions given in Activity Worksheet 6-3: 
Controlling Refrigerator Temperaturff to set the thermostat to one 
of the values shown below. Wait until the temperature is no longar 
changing. Then enter the value in the table. You will have to 
speed time up to do this experiment. 



Frobleffl 2 - Make A Graph Of Tour Data 

Plot, your data on the graph below. 
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Workslieet 6-5: What If Tbo Power Goes Off 



1 Name: 


Date: 


1 Teacher : 




Class 


Score : 



Problem 1 - Colleetisg Teaperature Data 

simulate a power failure to your refrigerator by turning the 
thermostat OFF. Measure the temperature in the refrigerator 
every two hours for 24 hours. Write your data below. 



Answer l 




Refrigerator Temperatures With Thermostat OFF 


Elapsed Time 


Refrigerator 


(Hours) 


Temperature 




(Degrees F} 


0 




2 




4 




6 




8 




10 




12 




14 




16 




18 




20 




22 




24 
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Instruotio&s For Problem i 

Cool your refrigerator down to 32 degrees F. Use the information 
you collected in Activity Worksheet 6^4 : Knoving Your Refrigerator 
Thermostat in order to do this. Turn the thermostat to the OFF 
position. Stop the clock every two hours to record the 
temperature. You may want to speed time up to do this activity. 



Problem 2 Make A Graph Of Your Time And Temperature Data 

Plot your data on the graph below. 
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Worksheet 6-6 s Reading A Thermometer 




Problem i - Reading The scale 
Marks Ob a Thermometer 

Draw an axrov to the scale 
laark on the thermometer that 
means: **a temperature of 32 
degrees Fahrenheit.** 



Instructions For Problem i 

See the next page. 



Problem 2 - Reading The 
Temperature At The Liquid 
Level Of A Thermometer 

Read the temperature indicated 
by the liquid level in the 
thermometer, write the number 
next to the top of the liquid. 



Instructions For Problem 2 

See the next page. 
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Instructions For Problem i 

1) Place the thenaoiaeter instniment in the refrigerator and close 
the door. 

2) Bring the tanperature in the refrigerator down to 32 degrees 
Fahrenheit. Use the thermostat setting you found in Worksheet 
6-4: to do this. 

2) When the value bar reaches 32, click on the magnifying gadget 
(it looks like a big magnifying glass) on the lower left side 
of the lab bench. A portion of a large thermometer will 
appear on the lab bench. It will be similar to the one on the 
Worksheet. 

3) liook carefully at the liquid level of the thermometer on the 
lab bench. The scale mark nearest the liquid level is the 32 
degree Fahrenheit mark. Draw an arrow pointing to the same 
scale mark on the Worksheet thermometer. 



Instructions For Problem 2 

1) Leave the thermometer instrument in the refrigerator. STOP 
the elapsed-time clock and use the speed-control to speed time 
up. START the clock again. 

2) Turn the thermostat to the OFF position. Watch the liquid 
level until it climbs to the one in the drawing. You can stop 
the clock every now and then to make a closer check. 

3) When the liquid levels are the same read the temperature in 
the value bar. If you go past the scale mark you can always 
cool the refrigerator to make the temperature go back down. 



Problem 3 - Naming All The Scale Marks Along lo Degrees 

See the thermometer drawing on the next page. in the space 
provided, write the temperature that matches each of the scale 
marks. 
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Instructions For Problem 3 

Place the thermometer instrument in the freezer to see temperatures 
in this range. If they are too low you can turn the thermostat to 
OFF. If they are too high you can cool the freezer down. 
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Problem 4 - zatarpolation Of T«Bp«rAturtt Readings 

Enter the temperatures to which the lines are pointing. 



Answer 4 




Instructions For Froblen 4 

Some thermometers do not have scale marks for each degree of 
temperature. By looking carefully at the scale you can often 
guess, within one or two degrees, what the actual temperature is. 

In this problem you can help yourself by switching back and forth 
between the two Fahrenheit thermometers on the lab bench by using 
the magnifying gadget. Just click on it to switch from one to the 
other. 
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Worksheet 6-7: In your Oim Refrigerator 




What You should Already Know 

We recommend that you complete Worksheet 6-6: Reading A Thermometer 
before you do this Activity Worksheet. 



Problem l - The Temperature of Your Own Refrigerator 

Using a special thermometer that your teacher will lend you 
until the next school day, measure the temperature of your 
refrigerator at home. Please ask permission from your folks at 
home before you try this. 



Answer 1 



Instructions For Problem 1 



Your teacher will lend you a thermometer that you can safely place 
in your home refrigerator, it is made of plastic and it is very 
strong. Nordic skiers often wear this kind of thermometer on their 
jackets so they can tell what kind of wax to put on their skis. 

Place the thermometer where it can be reached easily. It will take 
a while for the thermometer to reach the refrigerator temperature. 
Leave it in until the temperature stops changing. If you leave it 
in for 10 minutes that should be enough. 

When you take it out to read it, be quick about it because the 
temperature will begin to rise almost as soon as you take it out 
of the refrigerator. 
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Experiment 7: Feadulun 
Pendulian In Earth-Lab Environment 



Objectives 

This environment is designed to help students learn how a 
pendulum behaves under different experimental conditions, and in 
particular to learn how a pendulum can be used to measure the 
gravitational acceleration of the earth and the moon. 
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Features 



General Description 

This simulation allows students to perform experiments with 
a pendulum. The student can change to one of three different 
pendulum bobs during an experiment. The length of the pendulum can 
be varied by "pulling" on the cord attached to the pendulum bob. 
The pendulum experiments can be moved quickly between the earth and 
the moon. Measurement instruments are available to measure mass 
and length as well as elapsed time. A marker is available to mark 
the position of the pendulum. 

The motion of the penduliun can be stopped at any time, while 
time is stopped, the pendulxao may be positioned at any angular 
displacement between 0 and plus or minus 90 degrees. The pendulum 
will behave in a periodic manner for small angular displacements 
and will exhibit non-linear behavior for larger angular 
displacements. The motion of the pendulum is affected by air 
resistance while on earth, but air resistance is not a factor on 
the surface of the moon. A small amount of internal friction 
causes damping of the pendulum motion both on the earth and the 
moon. 

One of the pendulum bobs (the hollow looking one) can be used 
to illustrate pendulum motion with only the force of gravity 
affecting the motion regardless of where the experiment is taking 
place: be it the earth or the moon. The chief use of the hollow 
bob is to illustrate those statements that begin, "Let us assume 
the absence of any friction...". 



The Pendulum 

The pendulum is made up of two parts: the pendulum bob and the 
cord from which the pendulum bob is suspended. 

The Bobs: 

Three pendulum bobs are available during the simulation. The 
bobs may be interchanged by dragging one of the free bobs and 
releasing it on top of the suspended bob. When a bob is released 
or exchanged it automatically returns to one of the resting places 
on the lab floor. The mass of a pendulum bob can be measured by 
using the beam balance measurement instrument. 

The hollow bob is special; when it is used as the pendulum 
bob no other force&i other than the force of gravity are acting on 
the pendulum, i.e., internal friction and air resistance are 
absent. The other two bobs are assumed to be spherical in shape 



vith the horizontal diameter being the closest to the intendc^d 
diameter of the sphere. 

The Cords 

The penduluzB cord is held in position by a support extanding 
tram the lab wall. The length of the pendulum cord nay he changed 
by pulling or pushing (actually dragging) the "ring" attached to 
the other end of the cord that passes through the support. The 
ring is the triangular shaped object at the other end of the cord. 
The length oi the cord can be varied between 0.3 and 2.3 meters 
approximately. We have made the mass of the cord negligible 
relative to the mass of the pendulum bobs. 

Positioning The Pendulum: 

In order to manipulate the penduliim time must be stopped. 
ClicJcing on the STOP button will halt the pendulum's motion if it 
is moving. To position the pendulim simply c'rag the pendulum bob 
to the desired location. The available starting positions are of 
course constrained by the length of the cord. As long as time is 
stopped the pendulum will remain suspended in space where it was 
last placed. The angular displacement may vary between plus or 
minus ninety ^egrees. 



The Lab 

Window Shade And Door: 

The lab itself is designed to aid the experimenter in several 
ways. Of course there is the nice view, but if this interferes 
with taking data on the position of the pendulum, both the window 
shade and the door may be closed. To close (or open) the shade 
click on the lower end of the shade. To close or open the door, 
click on the door handle. The large white surface area available 
when the shade and door are closed may be used for marking the 
position of the pendulum with the marker instrumv^nt. 

Location: 

The lab may be transported to the surface of the moon for 
doing experiments, simply click on the quarter moor that is barely 
visible in the earthan sky. If you want to return to earth when 
on the moon then click on the earth, which is visible from the 
window of the lunar lab. 

Air affects the motion of the pendulum while on the earth, but 
there is no air in the lunar lab. Internal friction of the 
pendulum is present on both the earth =^T:d the moon (except when the 
hollow bob is used) . 

3 
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Tb8 Beam Balanoas 



The beam balance may be used to measiire the mass of the 
pendulum bobs. Drag the beam balance from the Instrument shelf and 
position the platform of the beam balance directly under the bob 
being measured. The mass of the bob will be read when the button 
on the mouse is released. The top of the platform and the bottom 
of the bob must be oloaely aligned in order to obtain a reading 
other than aero. Return the balance to the instrument shelf when 
you are done using it. 



The Marker: 

The marker can be used to mark the position of the pendulum 
when time is stopped. A next gadget appears in the marker window. 
Clicking on the next gadget flips the marker so that it becomes an 
eraser. The current mode is indicated in the value bar of the 
marker window. 

To acquire the marker, make sure that time is stopped and 
click on the marker. Your pointer will disappear and the marker 
will now be attached to the mouse. Move the marker to where you 
want to write - don't drag it, just move it - and press the mouse 
button. A mark will appear just below the tip. Release the mouse 
button when you have finished marking. 

To replace the mouse button on the shelf, move the marker to 
the shelf and click the mouse. Your pointer will reappear and the 
marker will be back on the shelf. 



The Ruler Instrument 

The ruler instrument aj.pears on the shelf in instrument window 
two at the start of the experiment. A length measurement is made 
with the ruler by using it to identify tht^ beginning and ending 
point of a measurement. 



Positioning the ruler to begin a Measurement: 

Drag the ruler to its starting location. (Move the mouse 
pointer over the ruler and press the mouse button. While pressing 
the mouse button, move the mouse - and consequently the ruler - to 
the desired starting location.) 
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Begixuaing tha mofts\irenent: 



Release the mouse button. (After dragging the ruler to the 
starting location, let up on the mouse button.) 

When making horizontal measurements you can align the left 
edge of the ruler with the starting location on the object being 
measured. When making vertical measurements you can use the top 
edge of the ruler. 



Marking ott the distance: 

Move the mouse to the ending location. A line will be drawn 
on the screen as you move the mouse. The length of that line is 
the current distance you will have moved from the beginning 
position. 



Ending the measurement: 

click when you have reached the ending location. (Press and 
release the mouse button quickly.) 

The mouse pointer will reappear. You are free to display the 
measurement in different units at this time. If the value bar is 
not hidden the computer will also "speak" the number shown in the 
value bar. The measurement is the same as the length of the 
colored line that was drawn on the screen when you positioned the 
ruler. 



Worksheet 7-1: Working with The PendulUB 



Name: Dates 

Teacher : 

Class : Score ; 



Problem 1: *'Close The Door^ Close The Shade. ••*■ 

It's hard to get any work done with the shade and the door 
open. Close the door and the shade at least for now; you don't 
have to keep them closed. Wiere must you click with the mouse 
to close the door; to close the shade? How can you open them 
again? 



Answer 1 



Problem 2s Bobbing Around 

Pick up one of the pendulum bobs on the lab floor and exchange 
it with the one that is hanging from the end of the cord. What 
happens during the exchange? 




Instructions For Problem 2 

Using the mouse, drag the pendulum bob that is on the floor over 
the pendulum bob that is on the end of the cord. Release. See 
what happens. 
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Froblam 3 s Changing Tba Lengtli of The FenduXim 

Make the length of the cord between the support arm and the 
pendulum bob longer or shorter. Is it possible to have the 
pendulum bob touch the floor while it is still attached to the 
cord? 



Answer 3 



Instructions For Problem 3 

There is a small handle attached to the other end of the pendulum 
cord after it passes through the support arm. You can pull or push 
on that handle to lengthen or shorten the distance that the 
pendulum bob is suspended. Using the mouse, drag the handle - also 
called "the ring»» - up and down. Try it. 
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worksheet 7-2 s Observlxig Pendulum Motion 




Date; 



Teacher : 



Class s Score; 



What You Should Already xnov 



You should know how to change things around in the lab, especially 
the parts of the pendulum. Do Worksheet 7-1: Working With The 
Pendulum to learn how. 



Frohlem l - simple Observation 

Put the red bob on the end of the pendulum cord. Make the 
pendulum cord as long as possible. Pull the pendulum bob as 
high as it will go. start the clock. Watch what happens. 
Describe what happens in a sentence or two. 



Ikoswer 1 



Instructions For Problem i 



STOP the elapsed-time clock if it is running. Put the red bob on 
the end of the cord it is not already there. Push the cord handle 
as high as it will go toward the lab ceiling. Move the pendulum 
bob as high as it will go toward the ceiling. it should be 
horizontal when you are done. Start the elapsed- time clock. 
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Problea 2 - Siaq^ltt Hypotli«sift 

How will the notion of the pendulua change if we shorten the 
penduluB cord? will the pendulum swing b^cK and forth at a 
slower pace or at a faster pace? write your guess below. At 
the saae time give a short explanation of why you think it will 
swing faster or slower with a shorter cord. 

SPECIAL NOTES Zt doesn't matter if your guess is rigbt or 
wrong, so don't worry about getting it "right**. What counts is 
that you make the guess and try to back it up with Information 
that you already know Scientists often guess wrong, but that 
just makes them more curious, and leads them to learning new 
information about the behavior of objects. A scientific guess 
is called an hypothesis (HI - POTH - EH - SIS) . vrow make your 
hypothesis. 



Answer 2 



Instructions For Problem 2 

DOU'T do the experiment before you make your hypothesis. Try to 
come up with just one reason why you think it will behave the way 
you described. 
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FroblttB 3 • Tenting Your Hypothaais 

OK, now do the experiment, shorten the pendulum cord as much 
as you can and observe the behavior of the pendulum. Describe 
what happens. Does it swing faster or slower when the pendulum 
cord is shorter? 

ssEClAli SOTBi 3LLthottgh yoa Bay hava guessed correctly your 
reason nay be wrongl later on we will do more experiments to 
determine the reasons why a pendulum does what it does. 



Answer 3 



Instructions For problem 3 

STOP the elapsed-time clock. Pull the cord handle all the way to 
the floor; the red pendulum bob should rise almost to the support 
arm. Move the bob up as far as it will go; it should be 
horizontal. START the elapsed-time clock . Record your 
observation. 
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Worksheet 7-3: The Effects Of Mass 



Name: 



Date: 



Teacher: 



Class: 



Score: 



What You Should Already Know 

You should know how to move things around in the lab. You should 
Know how to make an hypothe&is. See Worksheets 7-1: and 7-2: for 
helpful activities. 



Froblem 1 - Mass of the pendulum bohs 

Measure the mass of the red and blue pendulum bobs in grams. 
Write the results bslow. 



JUiswer 1 



Instructions For Problem i 

Drag the beam balance onto the lab bench. Put the pan (it looks 
like a dark black line on the icon) under the object whose mass you 
are going to measure. Don't get too far above or below the object 
or the mass will read 0. 
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Problem 2 - Make An BVpothasis 

Which pendulum bob will swing faster? How much faster? Give 
at least one reason why you think this is going to happen. 



jVnsver 2 



Instructions For Problem 2 

Try to figure out in your own mind if one of the pendulum bobs will 
swing faster than the other. Try to predict how much faster. It's 
much more useful to be able to say something like »'eight tii^es 
faster" then simply "faster." Write down a reason for your 
prediction. 



Problem 3 - Describing An Experiment To Test Your Hypothesis 

Make up a simple experiment to test your hypothesis. Describe 
the experiment that you plan to do in the answer box below. 



Answer 3 
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Xaatructions For Froblea 3 



Think up a simple experiment to test your hypothesis that one of 
the pendulum bobs will swing faster than the other because 

Don't do the experiment just yet. Just write a couple of sentences 
about what you plan to do. 



Problem 4 - Doing The Ezperi&ont To Test Your Hypothesis 

Do the experiment that you described in your last answer. What 
did you get for a result? If you didn't get the results you 
expected, do any more questions come to mind? 



Answer 3 



Instructions For Problem 4 

Write down the results you got, especially if they were not what 
you expected. In scientific experiments, one experiment usually 
leads to the next. Good experiments usually raise a lot of 
important questions. 
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Instructions For Teachers 



Z) With Regard To Teaelier Part ioipat ion 

Thank you for helping Macro test and evaluate this courseware. The 
following information will show you how to proceed. 

Guiding You Through The Process 

1) Mark the chackXist For Teacher Evaluation Of Courseware as 

you go. Each teacher is provided with a Checklist to help 
organize his or her activities. 

2) Examine the introductory materials and complete the form 
entitled Teacher Evaluation Of introductory Materials. 

3) Familiarize yourself with the Activity Worksheet Series, 
especially the Introduction to each experiment. Work with or 
observe students using the courseware materials. Complete the 
form Teacher Evaluation Of Experiment after you are thoroughly 
familiar with the materials and student reaction to a given 
experiment . 



IZ) with Regard to student Participation 
Guiding Them Through The Process 

1) A Checklist For student Evaluation Of Experiments is provided 
for each student who will be using the courseware materials. 
Check off the items on this list as the ;3tudent completes 
them. 

2) After a student completes the Activity Worksheets associated 
with a given experiment, have them complete the form Student 
Evaluation Of Experiment. Please have them do as many 
Activity Worksheets for each experiment as their ability 
allows. 



Ill) with Regard To Materials Organisation 

Two portable, hard-plastic file boxes are provided for storing the 
paperwork described above. Folders containing the relevant 
materials for 20 students are stored in the large file box, and 
materials for 5 teachers are located in the smaller file box. The 
teacher's file box should also contain a video tape labeled videos 
For The Physical Science Laboratory, a plastic thermometer, and 
about 30 three by five cards. 
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The other half of this package is a large white three-ring binder 
labeled TEACHER'S MimUAL on the spine. It contains the software. 
Teacher's Manual itself, and the Activity Worksheet Series. There 
are nine 3^ inch disks tucked into labeled sleeves in the binder. 

Please check to see that all the materials are intact when you 
receive then. 



AHY QUSSTIOHS ????7?7 

Please contact: Garrett A. Hughes 

Project Coordinator 
Macro systems, inc- 
126 College street 
Burlington, Vermont 05401 
Telephone: (802) -863-9600 
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Instructions For Teachers 



X) With Regard To Teacher Participation 

Thank you for helping Macro test and evaluate this courseware. The 
following information will show you how ';o proceed. 

Guiding You Through The Process 

1} Mark the Checklist For Teacher Evaluation Of Courseware as 
you go. Each teacher is provided with a Checklist to help 
organize his or her activities. 

2) Examine the introductory materials and complete the form 
entitled Teacher Evaluation Of Introductory Materials. 

3) Familiarize yourself with the Activity Worksheet Series, 
especially the Introduction to each experiment. Work with or 
observe students using the courseware materials. Complete the 
form Teacher Evaluation Of Experiment after you are thoroughly 
familiar with the materials and student reaction to a given 
experiment. 



II) With Regard To student Participation 
Guiding Them Through The Process 

1) A Checklist For Student Evaluation Of Experiments is provided 
for each student who will be using the courseware materials. 
Check off the items on this list as the student completes 
them. 

2) After a student completes the Activity Worksheets associated 
with a given experiment, have them complete the form Student 
Evaluation Of Experiment. Please have them do as many 
Activity Worksheets for each experiment as their ability 
allows. 



Ill) With Regard To Materials Organization 

Two portable, hard-plastic file boxes are provided for storing the 
paperwork described above. Folders containing the relevant 
materials for 20 students are stored in the large file box, and 
materials for 5 teachers are located in the smaller file box. The 
teacher's file box should also contain a video tape labeled Videos 
For The Physical Science Laboratory, a plastic thermometer, and 
about 30 three by five cards. 
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The other half of this package is a large white three-ring binder 
labeled TEACHER'S KidmxL on the spine, it contains the software, 
Teacher's Manual itself, and the Activity Worksheet Series. There 
are nine 3^ inch disks tucked into labeled sleeves in the binder. 

Please check to see that all the materials are intact when you 
receive them. 



AMY QUESTIONS ??????? 

Please contact: Garrett A. Hughes 

Project Coordinator 
Macro Systems, Inc. 
126 College Street 
Burlington, Vermont 05401 
Telephone: (802) -863-9600 
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Cbeeklist For Teacher Evaluation Of Courseware 



Student Name : 




School: 


Grade: 



INSTRUCTIONS FOR THE TEACHER: 

Please put a check mark on the appropriate line when you complete 
complete each of the items listed below. 

Video Introduction 

Using rt Mouse 

Touring The Lab 

A Sneak Preview 



Teacher's Manual 

Part I: Factors Influencing The Development .... 
Part II: Operating The Physical Science Laboratory 
Part III: Documentation And Support Materials 
Part IV: Suggested Instructional Methodologies 



Experiment 0: The Physical Science Laboratory 
Introduction To Experiment 0: 

Worksheet 0-1: Touring The Physical Science Lab 
Worksheet 0-2: Using The Instruments 
Worksheet 0-3: Using Other Instruments 
Teacher Evaluation Of Experiment 0: 



Experiment 1: Finding Elapsed Time 

Introduction To Experiment 1: 

Worksheet l-l: Using The Elapsed Time Clock 

Worksheet 1-2: Making Time Go Faster Or Slower 

Worksheet 1-3: Time Sense 

Teacher Evaluation Of Experiment 1: 



Escperlment 2: Finding Length And Width 

Introduction To Experiment 2 : 
Worksheet 2-1: Using The Ruler 
Worksheet 2-2: More Ruler Measurements 
Teacher Evaluation Of Experiment 2: 
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Experiment 3s Finding Area 



Introduction To Experiment 3: 
Worksheet 3-1: Area Of h Rectangle 
Worksheet 3-2: Area Of A Circle 
Worksheet 3-3: Area Of A Triangle 
Teacher Evaluation Of Experiment 3: 

Experiment 4: Finding Distance Using A Map 

Introduction To Experiment 4: 
Worksheet 4-1: Measuring Map Distance 
Worksheet 4-2: Measiurement Issues 

Worksheet 4-3: Ruler With 1/10 Inch Scale Divisions 
Worksheet 4-4: Measuring Distances On Paper Maps 
Teacher Evaluation Of Experiment 4: 

Experiment 5: Finding seasonal Temperatures 

Introduction To Experiment 5: 

Worksheet 5-1: Measuring Air And Water Temperatures 

Worksheet 5-2: Temperature Extremes 

Worksheet 5-3: changing Temperatures 

Worksheet 5-4: Temperature scales 

Worksheet 5-5: Reading A Circular Thermometer 

Teacher Evaluation Of Experiment 5: 

Experiment 6: Refrigerator 

Introduction To Experiment 6: 
Worksheet 6-1: Inside Your Refrigerator 
Worksheet 6-2: Temperatures Inside A Refrigerator 
Worksheet 6-3: Controlling Refrigerator Temperature 
Worksheet 6-4: Knowing Your Refrigerator Thermostat 
Worksheet 6-5: What If The Power Goes Off 
Worksheet 6-6: Reading A Thermometer 
Worksheet 6-7: In Your Own Refrigerator 
Teacher Evaluation Of Experiment 6: 

Experiment 7: Pendulum 

Introduction To Experiment 7: 
Worksheet 7-1: Working with The Pendulum 
Worksheet 7-2: Observing Pendulum Motion 
Worksheet 7-3: The Effects Of Mass 
Teacher Evaluation Of Experiment 7: 
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Teaeher Bvaluatio& of Zntroduetory Materials 



Name: Date: 

School : 

Normal Teaching/ Administrative Assignments: 



{In the space above, please give us an 1(tea of what your current duties are. Include subjects, grade 
levels, or s|»cia1 asstgnments wtwn appropriate.} 



INSTRUCTIONS: 

This evaluation will constitute your response to the introductory 
materials provided with the Physical Science Laboratory. Please 
familiarize yourself with those materials. Complete each Part of 
this form after you have become acquainted with the introductory 
materials discussed in each Part. 

This evaluation consists of a series of statements about the 
introductory materials. For each statement, circle your level of 
agreement or disagreement on a scale of 1 to 5. A "1" indicates 
strong agreement, whereas a "5" indicates strong disagreement. A 
"3" indicates that you are essentially neutral on that topic, A 
section for your written comments is provided at the end of each 
category of questions. Thank you for your help in evaluating these 
materials. 



Part I: video Introduction Strongly Strongly 

Agree Disagree 

1. The video "Using A Mouse" provides 12 3 4 5 
good instruction in learning how to 

use a mouse. 

2. I would recommend the video "Using 12 3 4 5 
A Mouse" to another teacher for use 

as an instructional tool. 

3. I would use the video "Using A 1 2 3 4 5 
Mouse" to instruct students in how 

to use a mouse. 
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4. The video "Toiaring The Lab" provides 1 
a good overview of the basic 
features of the Physical Science 
Laboratory . 

5. I could describe the basic features 1 
of the lab to another teacher after 
viewing the video "Touring The Lab." 

6. I would use tho video "Touring The 1 
Lab" to instruct students in the 
basic features of the Physical 
Science Laboratory. 

7. Having a person watch the video "A 1 
Sneak Preview" is a good way to 
introduce them to the simulated 
environments in the Physical Science 
Laboratory. 

Additional comments on the video introduction: 



(Use additional space on back if necessary.) 



Part II; Hands-on introduction strongly strongly 

Agree Disagree 

8. The instructions in the Teacher's 1 2 3 4 5 
Manual for getting started with the 

hands-on materials are clear. 

9. starting up Experiment 0 did not 1 2 3 4 5 
present any significant problems. 

10. Using the HELP feature is a 1 2 3 4 5 
convenient way to discover the names 

of objects and places in the 
Physical Science Laboratory. 
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11. Working through the Activity 12 3 4 5 
Worksheets for Experiment 0 is a 
good way to familiarize yourself 
with the lab's features. 

Additional comments on the hands-on introduction: 



(Use additional space on back if necessary.) 



Part III! written Documentation Strongly strongly 

Agree Disagree 

12. It is easy to find what you are 1 2 3 4 5 
looking for in the Teacher's Manual. 

13. The software's statement of purpose 12 3 4 5 
is clearly presented in the 

Teacher's Manual. 

14. The software's intended audience is 12 3 4 5 
clearly presented. 

15. The software's special features for 12 3 4 5 
the learning impaired are clearly 

presented . 

16. The software's intended goals for 12 3 4 5 
the student are clearly presented. 

17. The software's intended goals for 12 3 4 5 
the teacher are clearly presented. 

18. The software's hardware and software 1 2 3 4 5 
requirements are made clear. 

19. The glossary of mouse terminology is 1 2 3 4 5 
clearly presented. 

20. The glossary of Physical Science 12 3 4 5 
Laboratory terminology is clearly 

presented. 
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Additional comments on the hands-on introduction: 
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Teacher Evaluation of Experiment 



Name: Date: 

Schoo 1 : • 

Nonaal Teaching/ Administrative Assignments: 



(In the space aljove. please give us an tdba of what your current duties are. Include subjects, grade 
levels, or special assignments when appropriate.) 

Special Education Certification:^ 



(In the space above, please list any certification that you have earned for instructing special education 
stuftents) 

Evaluated For Use With: 

(In the space above, please indicate you intend to use the software. Possible entries might be: 
group instruction in a con^uter lab; special education students receiving individual instruction; or 
resource .jon t(»l available on demand. Use back of this page to provide additional information) 

Experiment Number: Title: 



INSTRUCTIONS: 

You are evaluating the experiment listed above. This includes the 
computer simulation program, and the associated Activity 
Worksheets, Please be sure you have already completed the 
questionnaire entitled Teacher Evaluation of Introductory 
Materials. 

This evaluation consists of a series of statements about the 
instructional materials. Please respond to all of the statements 
that your training and experience qualify you to answer. For each 
statement, circle your level of agreement or disagreement on a 
scale of 1 to 5. A "1" indicates strong agreement, whereas a "5" 
indicates strong disagreement. A "3" indicates that you are 
essentially neutral on that topic. A section for your written 
comments is provided at the end of each category of questions. 
Thank you for your help in evaluating these materials. 
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Category A: General Strongly strongly 

Agree Disagree 

1. The Activity Worksheet Series 1 2 3 4 5 
Introduction to this experiment 

clearly presents the educational 
objectives of this simulation. 

2. The important features of this 1 2 3 4 5 
experiment are thoroughly explained 

in the Activity Worksheet Series 
Introduction. 

3. The concepts presented in this 1 2 3 4 5 
computer simulation are well^suited 

for learning with the help of a 
computer. 

4. Use of this computer simulation along 1 2 3 4 5 
with the Activity Worksheets will 

accomplish the educational objectives 
stated in the Activity worksheet 
Series Introduction. 

5. This computer simulation provides a 12 3 4 3 
needed learning tool for all 

students . 

6. This computer simulation provides a 12 3 4 5 
needed learning tool for the special 

education student when used in a 
special education instructional 
environment. 

7. This computer simulation is 12 3 4 5 
particularly well-suited to the 

learning needs of the mainstreamed 
special education student. 

8. This computer simulation provides a 12 3 4 5 
valuable teaching tool for teachers 

to use in an instructional 
environment. 

9. This computer simulation provides a 12 3 4 5 
valuable teaching tool for teachers 

to use in a special education 
instructional environment. 
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Additional comments related to Category A: 



(Use additional space on back if necessary) 



Category B: Learning To Use Tbis 

Program Strongly strongly 

Agree Disagree 

10. A teacher with little or no computer 12 3 4 5 
experience could operate this 

program. 

11. Based on your observations, students 12 3 4 5 
with little or nu computer experience 

could operate this program. 

12. The time required to learn how to 1 2 3 4 5 
operate just this program is less 

than 15 minutes. 



13. students not classified as special 12 3 4 5 
education students had little or no 
difficulty using the mouse to control 
this simulation. 



14. students classified as special 12 3 4 5 
education students had little or no 
difficulty using the mouse to control 
this simulation. 



15. The measurement instruments in this 1 2 3 4 5 
program were easy to use. (If one or 
more were difficult, please explain 
below) 



Additional comments related to Category B: 



(Use additional space on back if necessary) 

3 of 6 



Category C: Graphics Strongly strongly 

Agree Disagree 

16. The siaulation's graphics are 1 2 3 4 5 
appropriate for the intended student 

audience . 

17. The simulation's graphics are 1 2 3 4 5 
appropriate' for the task at hand. 

18. The simulation's graphics help focus 12 3 4 5 
the student's attention on the task 

at hand. 

Additional comments related to Category C: 



(Use additional space on back if necessary) 



category ds Feedback Strongly strongly 

Agree Disagree 

19. students can understand the numeric 12 3 4 5 
measurements when they are displayed 

by the program in the value and units 
bars. 

20. Students can understand the numeric 12 3 4 5 
measurements when they are spoken by 

the computer. 

21. The capability to hide or display 1 2 3 4 5 
numeric measurements enhances the 

instructional use of this program. 

22. The capability to have the computer 1 2 3 4 5 
speak the numeric Measurements 

enhances the instructional use of 
this program. 
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23. Students can understand the HELP 
messages when they are displayed by 
the program in the HELP windows while 
using the HELP mode. 

24. students find the HELP messages 
useful • 

25. Students can understand the HELP 
mess'iges when they are spoken by the 
computer . 

26. The absence of value judgments (by 
the program to the student) actually 
enhances the instructional 
environment created by this program. 

Additional comments related to Category D: 



(Use additional space on back if necessary) 

Category E: Activity Worksheets Strongly Strongly 

Agree Disagree 

27. Students have little difficulty 12 3 4 5 
understanding the written 

instructions on the Activity 
Worksheets . 

28. Students are able to complete the 1 2 3 4 5 
Activity Worksheets with little or no 

help from the teacher. 

29. The time required to complete any one 1 2 3 4 5 
of the Activity Worksheets does not 

exceed the student's attention span. 

30. The Activity Worksheet problems are 12 3 4 5 
well correlated with the stated 

objectives for this simulation. 

31. There is a need for more of this type 1 2 3 4 5 
of software, which allows the teacher 

to design the problems for the 
student to solve. 
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Additional comments related to Category E: 



(Use additional space on back if necessary) 

category F: Instruction Strongly strongly 

Agree Disagree 

32. Students are interested in the topic 12 3 4 5 
addressed by this simulation. 

33. Students would like to solve other 12 3 4 5 
problems in physical science using 

simulation. 

34. The computer simulation along with 12 3 4 5 
the problems posed by the Activity 

Worksheets provide an excellent 
learning environment for students. 

Additional comments related to Category F: 



(Use additional space on back if necessary) 
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ClieoKliat For Student Evaluation of Experiments 




Student Hame: 



School : 



Grade : 



ZM8TRUCTI0NS FOR THE TEACHER: 



Please put a check mark on the appropriate line when the student 
completes each of the items listed below. When the student has 
completed ALL of the worksheets for a given Experiment, please have 
the student do the student evaluation of that experiment. 



Video Introduction 

Using A Mouse 
Touring The Lab 



Experiment O: The Physical science Laboratory 

Worksheet 0-1: Touring The Physical Science Lab 
Worksheet 0-2: Using The Instruments 
Worksheet 0-3: Using other Instruments 
Student Evaluation Of Experiment 0: 

Experiment l: Finding Elapsed Time 

Worksheet 1-1: Using The Elapsed Time Clock 
Worksheet 1-2; Making Time Go Faster Or Slower 
Worksheet 1-3: Time Sense 
Student Evaluation Of Experiment 1: 

Experiment 2: Finding Length And width 

Worksheet 2-1: Using The Ruler 
Worksheet 2-2: More Ruler Measurements 
Student Evaluation Of Experiment 2: 

Experiment 3: Finding Area 

Worksheet 3-1: Area Of A Rectangle 
Worksheet 3-2: Area Of A Circle 
Worksheet 3-3: Area Of A Triangle 
Student Evaluation Of Experiment 3: 
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Ezperlnent 4s Finding Distance Using A Map 



Worksheet 4-1: Measuring Map Distance 

Worksheet 4-2: Heasureinent Issues 

Worksheet 4-3: Ruler With l/lO Inch Scele Divisions 

Worksheet 4-4: Measuring Distances On Paper Maps 

Student Evaluation Of Experiment 4: 

Experiment 5i Finding Seasonal Teaperature'} 

Worksheet: 5-1: Measuring Air And Water Temperatures 

Worksheet 5-2: Temperatiure Extremes 

Worksheet 5-3: Changing Temperatures 

Worksheet 5-4: Temperature Scales 

Worksheet 5-5: Reading A Circular Thermometer 

student Evaluation Of Experiment 5: 

Experiment 6: itefrigerator 

Worksheet 6-1: Inside Your Refrigerator 
Worksheet 6-2: Temperatures Inside A Refrigerator 
Worksheet 6-3: Controlling Refrigerator Temperature 
Worksheet 6-4: Knowing Your Refrigerator Thermostat 
Worksheet 6-5: What if The Power Goes Off 
Worksheet 6-6: Reading A Thermometer 
Worksheet 6-7: In Your Own Refrigerator 
Student Evaluation of Experiment 6: 

Experiment 7: Pendulum 

Worksheet 7-1: Working With The Pendulum 
Worksheet 7-2: Observing Pendulum Motion 
Worksheet 7-3: The Effects Of Mass 
Student Evaluation Of Experiment 7: 
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student Svaluation of Experiment 



Name : * 

School: • Grade 



Teacher : 



(In the space above M>^te the name of the class In which you are using thTs^Expenment . For example: 
"General Science", 'Physical Science", or "Hs. Vtorthy's class") 

Experiment Number: Title :^ ^. 



IMSTRUCTIOMS: 

We would like you to tell us a few things about the experiment 
whoio*' number and title you wrote in the space above. Before you 
do, however, please complete one or more of the Activity Worksheets 
that go with this experiment. 

Please read each sentence listed below. If you agree with the 
sentence, circle Yes, if you do not agree, circle No. If you 
cannot answer Yes or No, don't circle either one and go on to the 
next sentence. Thanks for taking the time to fill out this form. 



1. I watched the video "Using A Mouse." 

2. I watched the video "Touring The Lab." 

3. One of my teachers explained to me how to 
run this experiment before I began doing it 
myself. 

4. This was the first time I used a mouse to 
move things around on the computer screen. 

5. I liked the way the objects were drawn on 
the computer screen. 

6. Using the ruler instrument was easy. 

7. Using the thermometer instrument was easy. 

8. Using the scale (beam balance) was easy. 

9. Using the car was easy. 



Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 
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